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INTRODUCTION 
In 1960 there were 1,955, 000 waterfowl hunters in the United 
States. These hunters spent $89,431, 000 (an average of $45.74 per 
individual) and 15,158, 000 hunter days in the field. The hunting 
population will increase 35 percent by 1975 (Anonymous, 1960). 
1 
The large increase in hunters will bring a proportional increase in 
the demand for places to hunt. Many states face the problem of provid-
ing enough public hunting for such an army of sportsmen. Studies by 
Kozlik (1958) in California, Gordinier (1957) and Friley (1959) in 
Michigan, and Bednarik (1957, 1961) in Ohio point out some of the pro-
blems involved in the management of areas where the demand for hunting 
exceeds the supply. Utah, at present, is not faced with this problem, 
although it could be in a few years. Nelson (1951) reports that, by 
1950, the number of hunters using public waterfowl hunting areas in Utah 
had tripled since 1941. 
The problem is further compounded by the continued shrinkage of 
waterfowl habitat due to drainage, drought, pollution and various 
agricultural practices. Large tracts of land are tied up by private con-
cerns and not available for public hunting. All of these conditions tend 
to further reduce the amount of area open to public hunting and to create 
greater hunting pressure on the remaining areas. 
J . . Clark Salyer (1956) stated: 
Waterfowl habitat is decreasing 100 times faster than we 
can replace it. Agricultural drainage has taken potholes 
at the rate of 50, 000 a year in the prime waterfowl nesting 
territory in the United States. 
Shaeffer (1957) reported that drainage subs idies have resulted in 
2 
the effective obliteration of over 1, 000, 000 acres of nationally important 
waterfowl breeding habitat in North and South Dakota and Minnesota. 
Utah had 1,300, 000 acres of wetland in 1955 as determined by the 
United States Fish and Wildlife Service (1955), but this acreage has been 
steadily decreasing. One agricultural drainage project will bring about 
the loss of 9, 000 acres of excellent waterfowl habitat along the eastern 
shore of Utah Lake in central Utah. 
These reasons make it imperative to obtain the maximum utilization 
of areas now open to public hunting. 
With this goal in mind a study was conducted at the Bear River 
Migratory Bird Refuge during the 1960 and 1961 waterfowl hunting 
seasons with the following main objectives: 
I. Determine the level of utilization of the refuge by water-
fowl hunters. 
a. Determine the factors which affect the utilization 
of various areas of the refuge. 
b. Determine the factors and their influence on the 
kill compos ition in the various areas and the 
entire refuge. 
c. Obtain quantitative and qualitative information 
on hunter population and the use it may have 
in interpreting behavior patterns of hunters. 
I I. Determine methods by which utilization of the refuge can 
be increased to accommodate the greatest number of 
hunters and still provide good hunting. 
3 
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REVIEW OF UTERATURE 
Many references appear in the literature as to how various states 
handle the problem of hunting on publicly owned or manged areas. 
California uses a reservation permit system. The hunter mails in a re-
quest stating the area and the date on which he wishes to hunt. The 
hunter is allowed to submit one request for each half of the season. If 
the quota for an area is not filled then the remaining portion of the quota 
is filled on a first-come first-served basis (Kozlik I 1958). 
Ohio I as reported by Bednarik (1957) practices a preregistration 
lottery sys tern. Gordinier (1957) and Friley (1959) reported that the 
public hunting areas in Michigan are generally divided into three sections. 
One is a "preference" area where only a limited number of hunters are 
given permits. This is handled on a first-come first-served basis. A 
second section serves as a refuge with no hunting allowed. The third 
section is the unmanaged hunting area with no restriction on the number 
of hunters allowed to use this area. Nelson (1951) states that the state 
areas in Utah can accommodate all of the hunters des irous of US ing them I 
and no regis tration sys tern is used. At the Bear River Refuge in Utah, 
the hunters have only to register at the checking station to gain permis-
sion to hunt on the area. They must also check out at the conclusion of 
their day's hunt (Van Den Akker and Wilson, 1951). 
5 
Other studies deal with the hunting pressure on a game species or 
an area. Gordinier (1957) reports that in Michigan the hunting pressure 
per 100 acres is 10 times greater on the state-owned waterfowl areas 
than it is on the state-owned upland game areas. Baumgartner (1940) 
reported that hunting pressure on a public hunting area in Oklahoma was 
I 
heaviest in October and the first half of November. Overcrowding on 
Sundays reduced the average daily kill. This is also true for Bear River 
as can be seen in Figures 6 and 7. Van Den Akker and Wilson (1951) 
reported that weekends and holidays accounted for 74% of the hunter days 
spent at the Bear River Refuge in 1948. The six Sundays of the season 
accounted for 37% of the total hunter days. A study in Montana demon-
strated the hunting pressure and the Canada goose kill were directly pro-
portional to the size of the goose population (Craighead and Stocks tad , 
1956) . 
Many studies concern analyses of the kill of waterfowl, Rawls 
(1958) on Reelfoot Lake in Tennessee, Bellrose (1947) in Illinois, 
Bowhay, Jeffrey and Martinson (1959) in Washington and Atwood and 
Wells (1960) for the entire United States. These studies have been 
mainly interested in determining the total kill on a local or sectional 
area, or in attempting to estimate the kill on a larger area. These 
studies used the number of hunters mainly to show the effect they had 
on the kill. These studies failed to picture how the increased number 
of hunters affected the utilization of an area, or of any section of that 
area. 
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DESCRIPTION OF THE STUDY AREA 
The Bear River Migratory Bird Refuge is a federally-owned marsh, 
originally created on the delta formed by entry of Bear River into Great 
Salt Lake. The refuge, located 15 miles west of Brigham City in northern 
Utah , consists of 64 , 255 acres of which 12, 000 acres are open to free 
public waterfowl hunting. The refuge has a multi -purpose management 
program of (1) controlling botulism, raising water levels, and reducing 
the random spread of water over the alkali flats; (2) improving production 
of food and cover for breeding birds; and (3) providing food and resting 
place for thousands of water and shore birds pass ing through the region 
in spring and fall, Behle (1958). The refuge cons ists of five major water 
areas impounded by dikes. The outer dike is 2 a miles long and was 
intended to impound fresh water and also to keep out the brine of Great 
Salt Lake. 
An additional nine miles of cross dikes divide the interior marsh 
into the five water areas mentioned above. Unit 1 lies to the northwest 
of headquarters, Unit 2 is adjacent to headquarters, Units 3, 4 and 5 
are situated to the east of headquarters, with Unit 5 being nearest to 
the "mainland". The dike system presently has a total length of over 
40 miles. The top of the dike is graveled, which permits patrol and 
inspection of the areas by car (Mushbach, 1932). 
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According to Wilson (1948) large spillways are placed at intervals 
of 2/000 to 4/000 feet apart to allow regulation of the depth of water in 
the various units. The units can be drained or flooded independently of 
one another. 
Behle (1958) stated: 
The main dike is located about a mile inside the outer 
boundary of the refuge. It is estimated that the outs ide 
area is flooded to the extent' of 18/ 000 to 20 / 000 acres / 
where the flooded area inside the dikes consist of about 
28/ 000 acres. Thus the total flo )ded lands within the 
refuge is 46/ 000 to 48/000 acres. 
The study areas included portions of Units 1 and 3/ all of Unit 2/ 
and the portion of the refuge which lies south of the refuge boundary 
outside of Units 2 and 3 and west of Unit 1. The shaded portions of 
Figure 1 show the location and relationship of the study areas to each 
other. Water in the impounded areas (Units 1/ 2 and 3) varies in depth 
from a trace to thirty inches. Williams and Marshall (1937) described 
the refuge as having large areas of open water forming lakes that support 
a dense growth of sago pondweed (Potamogeton pectinatus). Two other 
pondweeds / Potamogeton pusillus and Potamogeton filiformis / occur less 
frequently. In the shallower / more protected areas / such important 
waterfowl foods as horned pondweed (Zannichellia palustris) / wigeon-
grass (Ruppia maritima) / and muskgrass (Chara spp.) are prominent. 
As ide from Chara / the most common macroscopic algae are Oscillatoris / 
Cladophora and Oedogonium. The aquatic animal life is dominated in 
the open water area by the carp (Cyprinus carpio) / while threadworm 
Figure 1. Maf? of the Bear River Refuge showing the dike system and 
and the relationship of the water units 
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(Nematoda) and midge larvae (Chironomidae) are numerous in the bottom 
muck. Water near emergent vegetation provides ideal habitat for the 
development of damselflies (Zygoptera), dragonflies (Anisoptera), and 
mosquitoes (Culicidae). In other habitats backswimmers (Notonectidae) 
and waterboatmen (Corixidae) as well as other hemiptera abound. Ninety-
five percent of the area not covered by water is occupied by well-defined 
vegetative cover types: Saltgrass (Distichlis stricta), cattails (Typha spp.), 
hardstem bulrush (Scirpus acutus), and alkali bulrush (Scripus paludosus). 
Communities of plants such as Hordeum jubatum, Iuncus balticus, Salix 
spp. , Eleocharis palustris, Xanthium speciosum, Atriplex spp. , and 
Ascelpias speciosa are present. There are also some barren areas and 
embankments found in the study areas. Salicornia rubra, an excellent 
waterfowl food plant, is found in depres s ions where water collects, and 
then later evaporates. Reed grass (Phragmites communis), communities 
are found scattered along the channel banks and roadways. 
The portion of the study area lying outside of the refuge boundary 
is radically different from the other areas. The soil is highly alkaline 
and the area is dry three to four months of the year. The area is usually 
flooded by surplus water which becomes available in late September for 
refuge use. The vegetation of the area is mainly saltgrass (Distichlis 
stricta), with a good growth of western salt cedar (Tamarix gallica) 
along the channel banks running through the area. Large portions of this 
area appear to be nothing but mud flats. These "mud flats" support an 
excellent growth of Salicornia rubra. In years having good moisture or 
11 
a "wet" fall, a large portion of this area is flooded and furnishes a good 
feeding place for waterfowl (especially pintails Anas acuta and Canada 
geese Branta canadensis). This area is extremely inaccessible to the 
average hunter and to reach it requires the use of either an airplane or 
an airboat. Small flat cars, on a track arrangement ("skids ,,) in Units 2 
and 3 (Figure 2), allow the hunters to move their airboats over the dike. 
The hunters then follow a "travel lane" through the closed area to the 
study area. 
Due to the lack of vegetation in the area, most hunters use "sink 
boxes" or semi -permanent blinds for concealment. Th.e "s ink boxes" 
are large metal boxes, which are sunk into the ground slightly above 
the level of the water. These "sink boxes" are usually large enough to 
accommodate two or three hunters. 
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METHOD OF PROCEDURE 
Collection of field data 
The collection of the field data cons isted of four steps: (I) sub-
diViding the open portion of the refuge into smaller sections; (2) check-
ing station interview; (3) field observation of the hunters; and (4) the 
collection of nonquestionnaire data. 
Subdividing the huntable portion of the refuge into smaller areas. 
The main objective of this study was to determine the utilization level of 
the refuge. To do this the huntable portion of the refuge was divided into 
17 areas. This was accomplished by us ing the checking station as the 
center and drawing circular arcs on a map of the refuge. These arcs had 
radii of one mile, one and a half miles and two miles. The area between 
the closed portion near headquarters and the one mile line was des ignated 
as zone one (Figure 2). The area between the one and the one and a half 
mile lines was des ignated as zone two, and the area between the one and 
I 
a half mile line and the two mile line was des ignated as zone 3. Zone 4 
consisted of the area beyond the two mile line and inside the outer dike. 
Zone 5 consisted of the area adjacent to and paralleling the closed area 
of the refuge west and south of the outer dike. 
The zones were then partitioned into ,four sections. This was 
accomplished by us ing phys ical features of the terrain. The two dike 
/ 
Figure 2. Map of the study areas at Bear River Refuge 

14 
roads I (the "H" line and "L" line) cutting through the open area I and the 
main river channel were used as dividing lines (Figure 2). The areas were 
then referred to s imply by two numbers; e. g. I 1-1, the zone number 
being first and the section number being second I or zone one I section 
one. 
Checking station interview. The checking station interview was 
conducted in a similar manner for both years of the study. Individual 
hunters were interviewed and their answers recorded on a questionnaire. 
The interviewer attempted to question as many hunters as possible on the 
days that were sampled. The sampling was on a strictly random bas is. 
The hunters were interviewed in the order they returned to the checking 
station and the sampling was carried out for the entire day. 
The information collected during the two years of the study differed 
slightly (Figures 12 and 13). The interview was set up to follow a 
standardized pattern. After first obtaining the consent of the hunter to 
be interviewed I the date and a code number for the hunter were recorded 
on the questionnaire. The code number for the hunter during the 1960 
season was the registration number given the hunter when he checked 
into the refuge. The code number us ed in 1961 was the hunter's licens e 
number. The following data were obtained in both study years: (1) the 
home county of the hunter; (2) the hunter's age; (3) the area of the 
refuge hunted; (4) vegetation or type of concealment utilized by the 
hunter; (5) the method of transportation used to reach the hunting site; 
(6) the hunter's waterfowl kill by number I species I and sex; and (7) 
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the times the hunter checked in and out of the refuge. In 1960 the total 
hours s pent on the refuge were recorded. In 1961 only the total hours 
actually spent hunting were recorded. 
The following data were obtained in 1960 I but omitted from the 
1961 questionnaire: (1) the hunter's sex; (2) the miles driven from the 
hunter's horne to the refuge; (3) the number of times the hunter hunted 
on the refuge during the season; (4) the use of a retriever; (5) the use of 
decoys; and (6) the age of the waterfowl shot. The methods used to sex 
and age the ducks were those presented in Kortright (1953) I and the 
method used to sex Canada geese (Branta canadensis) was that described 
by Turner (1953). 
Several questions were added to the 1961 questionnaire. The 
hunter was asked the following questions to obtain information on the 
hunter and his behavior patterns: (1) Why did you select the Bear River 
Refuge to do your hunting today? (2) How many years have you hunted 
on the refuge? (3) Where else have you hunted waterfowl this year? 
(4) Why did you select the area of the refuge you hunted? (5) Why did 
you select the type of vegetation or method of concealment that you used? 
(6) Are there areas of the refuge you would hunt if they were more readily 
acce s sible? 
Observations of the hunters. Observations were conducted to 
determine the distribution of the hunters on the various areas open to 
hunting and the type of vegetation or concealment utilized by the hunters. 
These observations were conducted on every day that hunters were 
16 
interviewed. They usually started about 2:,00 p. m. when the majority 
of the hunters were in the field, and took from forty-five minutes to an 
hour to complete. The observations entailed driving the dike roads, 
stopping at selected places, and scanning the hunting area with bin-
oculars. The hunter's location and the date were marked on a map of 
the refuge. The type of vegetation or concealment being used by the 
hunter was also recorded. Hunter locations were also determined by 
scanning the hunting area with binoculars from the 100 foot observation 
tower. Random observations were conducted by taking a boat into the 
hunting areas. These observations were used to check the reliability 
of the hunter in determining his hunting site location and identification 
of the cover type in which he hunted. A large board presenting mounts 
of the common vegetation types found on the refuge was used to aid the 
hunter in plant identification. 
Collection of nonguestionnaire data. Information other than that 
obtained by the questionnaire was collected ,and included the species, 
number, and distribution of waterfowl on the refuge throughout both hunt-
ing seasons. Refuge personnel recorded the number of waterfowl and 
their distribution on the refuge and adjacent areas by a weekly aerial 
census. A record of the weather conditions including temperature, 
character of the day (clear, cloudy, etc.), precipitation, Wind move-
ment and the amount of the units covered with ice was kept. 
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STATISTICAL ANALYSES AND INTERPRETATIONS 
For the purpose of analys is the data were divided into the follow-
ing groups: (1) the study of the association between the variables I using 
Chi-square tests; (2) the study of the functional relationships between 
the variables by the multiple regression technique; and (3) the study of 
the degree of influence of the various variables us ing the analys is of 
variance technique. 
The study of the association between 
the variables, using Chi-sguare test 
Two-way contingency tables I similar to those presented by 
Dixon and Massey (1957) I were used. To study the association 
between zones and sections as pertained to hunter frequency I the zones 
were arranged in rows and the sections in columns. The cell values re-
presented the hunter frequencies in the area (Tables 21 and 22). The 
expected frequency for each cell was computed by us ing the formula: 
E = Z . S ./T, i j 1) 
where E .. represents the expected frequency of hunters occurring in the 
1) 
i th zone and j th section of the refuge I Z. represents the total number 
1 
of hunters us ing the i th zone IS. represents the total number of hunters 
. ) 
using the j th section and T represents the total number of hunters using 
the refuge. 
The Chi-square values with nine degrees of freedom were calcu-
lated for each year us ing the formula: 
2 
X = (z - 1) (s - 1) d. f. 
2 ~ (observed values - expected values) I 
L expected value 
where z = number of zones and s = the number of sections. The Chi-
square values for 1960 and 1961 were 70.6 and 117.1 respectively. 
These values were both significant at the. 01 level. These results 
showed a dependent association between the zone and section. This 
18 
dependency means that a particular cell frequency is determined by its 
zone and section. 
The study of the functional relations hips among the 
variables by the multiple regression technique 
The next problem was to establish the functional relationships 
among certain chosen factors I and ascertain the relative importance of 
each factor in determining the hunter frequency for an area . 
. A list of factors which might affect the hunter frequency in the 
various areas was drawn up. The six factors selected for this study 
were: (1) the distance from the checking station to the center of the 
area (X.l); (2) the average age of the hunters who used the area (X
2
); 
(3) the acreage of the area that was marshland (X ); (4) the acreage of 
3 
the area that was water (X 4); (S) the average experience of hunters 
using the area ·(XS); in 1960 this was the number of times the hunter 
used the refuge that year I and in 1961 this was the number of years 
hunted at Bear River; and (6) the time spent by the hunter in the field 
(1960) I and in 1961 this was the time spent by the hunter in the area (X.6)' 
19 
Before proceeding any further in the discussion, it is necessary 
to clarify how the factors, the acreage of water, and of marshland in 
each area were determined. 
Using a base map (Figure 2) each area was planimetered three 
times for the total acreage of the area, the acreage of marshland and 
the water present in the area. The average for each measurement was 
obtained. A check on the accuracy of the measurements was proviced 
by adding the acreage of marshland and water to see if they equaled the 
total acreage for the area. The values for all of the factors are presented 
in Tables 1 and 2. 
The multiple regression model used was: 
Y=B +B X +B X +B X +B X +B X +B X +E, 
0112233445566 
where Y = hunter frequency for the area, B. 's = partial regression 
1 
coefficients, and the X. 's are the value for the six factors selected for 
1 
the analysis. 
The analysis consisted of first setting up the information matrix. 
The variance-covariance matrix was then obtained by inverting the 
information matrix. The B values were obtained by solving the linear 
equations. Next the total sum of squares for each of the factors was 
2 
calculated. The R values for the two years were then computed us ing 
the formula: 
2 
R = Sum of sguares due to regression x 100. 
total sum of squares 
2 
The R values were 90.80 and 77.45 percent for 1960 and 1961 respec-
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Table 1. Factors and their values for each area used in the multiple 
regression technique for 1960 
y 
3 
17 
22 
17 
15 
40 
25 
37 
34 
46 
61 
16 
90 
33 
148 
26 
Area Xl X2 X3 X4 X5 X6 
1-1 2.5 47.20 12.2 5.6 2.50 3.50 
1-2 2.0 32.85 70.7 38.4 2.24 6.02 
1-·1/3 1.8 26.11 133.9 9.7 2.09 3.23 
1-4 1.9 38.06 63.8 96.7 3.29 6.20 
2-1 3.1 37.97 168.9 178.3 2.40 6.97 
2-2 3.2 32.22 163.3 149.7 2.10 5.24 
2-3 3.2 28.34 188.0 20.3 2.92 5.80 
2-4 3.1 34.84 201.0 185.6 2.30 6.14 
3-1 4.6 33.24 129.6 275.8 2.65 6.72 
3-2 4.5 32.36 224.5 167.0 2.87 6.46 
3-3 4.5 28.37 206.2 139.2 2.24 5.86 
3-4 4.6 32.00 126.0 119.9 2.56 6.50 
4-1 7.4 38.21 249.6 1,560.6 2.77 5.89 
4-2 7.5 32.09 3.41 1, '828.6 3.30 6.83 
4-3 7.5 33.05 139.5 1,956.0 3.00 5.69 
4-4 7.5 33.02 66.3 463.0 2.08 6.65 
Hunter frequency for the area 
Distance divided by 2,000 from the checking station to area center 
Average age of the hunters in the area 
foj;lOun t (in acres) of marshland in the area 
Amount (in acres) of water in the area 
Average number of times hunted at Bear River in 1960 
Average time spent in the field (hours) 
" 
Table 2. Factors and their values for each area used in the multiple 
regression technique for 1961 
y Area Xl X2 X3 X4 X5 
3 1-1 2.5 51. 83 12.2 5.6 4.67 
9 1-2 2.0 34.00 70.7 38.4 8.00 
45 1-3 1.8 31. 61 133.9 9.7 6.88 
21 1-4 1.9 38.98 63.8 96.7 10.86 
42 2-1 3.1 31. 83 168.9 178.3 5.97 
19 2-2 3.2 33.24 163.3 149.7 6.42 
30 2-3 3.2 35.83 188.0 20.3 7 . 33 
46 2-4 3.1 35.24 20l. 0 185.6 7.89 
48 3-1 4.6 39.12 129.6 275.8 9.35 
56 3-2 4.5 35.64 224.5 167.0 6.57 
28 3-3 4.5 42.07 206.2 1.39.2 9.07 
25 3-4 4.6 32.10 126.0 119.9 8.20 
83 4-1 7.4 40.19 249.6 1560.6 10.04 
24 4-2 7.5 39.33 3.4 1828. ~ 10.29 
106 4-3 7.5 39.73 139.5 1956.0 11. 07 
18 4-4 7.5 28.50 66.3 463.0 8.83 
Y = Hunter frequency for the area 
~= Distaoce divided by 2,000 from checking station to area center 
~= Average age of the hunters who used the area = Amount (in acres) of marshland in the area 4= Amount (in acres) of water in the area 
~= Average experience (in years) of hunter at Bear River Refuge for 
each area 
.~= Time spent in the area (hours) 
21 
X6 
4.00 
4.00 
4.56 
4.90 
3.83 
3.55 
5.55 
4.66 
5.03 
5.24 
5.64 
5.40 
5.19 
6.54 
5.00 
7.33 
tively. These values mean that 90.8 percent and 77.4 percent of the 
variation in hunter frequencies can be measured by the combination of 
these six factors. 
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The standard partial regression coefficients were then calculated 
(Table 23). 
The study of the degree of influence of the various variables by 
analys is of variance 
This technique was used to determine the effect of the method of 
transportation on the hunter frequencies in the different areas. This was 
necessary because the transportation used was believed to have an 
important bearing on the hunter frequency of the various areas. 
The frequency of the type of transportation used in each area was 
compiled (Figure 3). This data had a tremendously large variation 
between observations and a large number of zero observations. To do 
away with as many of the zeros as possible, the types of transportation; 
that is, foot, bicycle and others, were grouped under the heqding "foot,!'. 
The second step in decreasing the number of zeros in the data was to 
group the areas into blocks, and thus increase the number of obser-
vations in each block. The criteria used for the composition of the 
blocks were that all of the areas in the block must be in the same zone 
and have an approximately equal water/land ratio. If transportation 
was a factor of importance determining the hunter frequency, then 
transportation should be associated with distance. With these criteria, 
the areas were blocked as follows: (1) block one consisted of the 
5-1 
airboat 31 
4-2 I 4-3 
airboat 
toot 
otorboat 
--3-3 
airboat 24 
foot 26 
motorboat 39 
---+--
+ 
Figure 3. Diagrammatic sketch of transportation used in each of the 17 study areas 1960-1961 N 
W 
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four sections of zone one (Figure 2); (2) block two consisted of the 
four sections of zone two; (3) block three consisted of sections one and 
two of zone three; (4) sections three and four of zone three comprised 
block four; (5) block five cons isted of sections one and two of zone 
four; and (6) sections three and four of zone four comprised block six. 
The summary of the frequency of the transportation types used by the 
hunters to reach each of the areas is presented in Table 3. The obser-
vations varied from 0 to 58. To achieve homogeneity of the variance of 
the observations among the different factors a logarithmic transformation 
was used. A value of one was added to the observation (X) of the 
frequency for the different factors. This did away with all of the zero 
observations and gave each observation the value of (x: + 1). The 
logarithm for each observation (x: + 1) was then obtained from a 
logarithm table. 
The analys is of variance for the data was then computed and 
F-tests were conducted on all the factors in the analys is (Table 4). 
The variance component due to each factor was then comput$d 
by using the calculated and the expected mean squares. 
Example of the calculation of the variance component for the area 
transportation interaction. The calculated and the expected mean 
squares were written down from the analysis (Table 4), 
72 . 1936 = EMS = E + 3 Z + 6 W 
at 
The values for the variance components error (E) and years 00 
transportation X areas (Z) were written down from the table. These 
Table 3. Frequency of transportation used in each block for each month 1960-1961 
Block 1 Block 2 
Year Month AB F MB AB F MB 
Oct. 1 18 13 4 26 33 
196 0 Nov. 1 2 5 1 14 27 
Dec. 0 6 13 5 5 2 
0ct. 0 25 16 1 l7 19 
196 1 Nov. 0 17 17 0 30 30 
Dec. 0 
___ 0 3 0 ,3_5 5 
-- - -- - -------- ------
L __ _ 
--- -- -
Block 3 Block 4 
AB F MB AB F MB 
6 11 
11 2 
0 11 
4 1 
7 12 
4 10 
20 1 11 
14 12 6 
5 3 6 
31 5 3 
24 6 14 
11 0 6 
Legend 
AB :::; airboat 
F = foot 
26 
11 
1 
6 
12 
1 
MB = motorboat 
Block 5 
AB F MB 
27 4 23 
36 2 7 
14 10 0 
5 0 8 
58 I 5 13 
5 3 10 
AB 
18 
35 
15 
20 
27 
18 
Block 6 
F MB 
30 32 
10 20 
14 0 
4 9 
3 28 
9 9 
N 
en 
Table 4. Anal 
--
f f 
-- .. -- .. ---- --- -- _ .. 
hod 
.. - -- -- .. - ---
Source of 
variation 
Periods P (Reps.) 
Trans portation T 
Areas A 
Years Y 
Years x Transportation 
Years x Areas 
Areas x Transportation 
Years x Transportation 
x Areas 
Error E 
2 (JT:;: T 
0-2 :;: A a 
2 o :;:Y y 
2 0yt:;: U 
d. f. 
2 
2 
5 
1 
2 
5 
10 
10 
-..l.Q 
107 
2 
0ya:;: V 
2 
°at=W 
Mean 
squares 
115.6348** 
86.7388** 
42.8980** 
7.9138 
16.6724 
2.9173 
72.1936** 
10.3658 
12.2616 
0 2 = 13 yta 
0 2 :;: E 
E 
Expected mean squares 
E + 313 + 6W + 9V + 18U + 36T 
E + 313 + 6W + 9V + 18U + 18A 
E + 313 + 6W + 9V + 18U + 54Y 
E + 313 + 6W + 9V + 18U 
E + 313 + 6W + 9V 
E + 313 + 6W 
E + 313 
E 
* Significant at the . 05 level 
** Significant at the .01 level 
Percentage of the 
variation due to 
each component 
------
7.280 
5.450 
2.859 
0.000 
0.000 
38.545 
0.000 
45.867 
100.01 
, 
tv 
0) 
values gave the following: 
72.1936 = 12.2616 + 3 (- 0.6319) + 6W 
61.8278= 6W 
10.3046=W 
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The calculation of the rest of the variance components was 
accomplished in a similar manner. There were eight equations and 
eight unknowns I and they were solved by the usual procedure of solving 
linear equations. 
Next the variance components were expressed as a percentage of 
the total variance. This gave the percentage of the variation due to 
each component (Table 4). 
RESULTS AND DISCUSSIONS 
Reliability of the sampling technigue 
During the 1960 hunting season 3,405 hunters checked into the 
refuge, and 648 of these hunters were interviewed. A total of 2,465 
hunters used the refuge in 1961 and 618 of them were interviewed. 
The average daily waterfowl kill was 2.28 and 1.76 birds per 
28 
hunter for 1960 and 1961 respectively. This agrees favorably with data 
reported by Rawls (1958), from a three year study in Tennessee where 
the average hunter spent 7.12 hours in the field to bag 2.02 ducks. 
The average time spent in the field and the average daily kill at 
the Bear River Bird Refuge was 7.61 hours and 3.22 ducks in 1933; 7.73 
hours and 3.38 ducks in 1940; and 7.23 hours and 2.29 ducks in 1948 
(Van Den Akker and Wilson 1951). The Hunter's Record, kept by refuge 
personnel for all of the hunters gave the average time spent in the field 
as 6.18 and 6.36 hours for 1960 and 1961 respectively. These results 
indicate that the hunter is generally willing to spend more time in the 
field during a season when the average daily bag is higher. In 1961 
this was not true, many discouraged hunters checked out of the refuge 
after spending only a few hours in the field and "not seeing any birds 
at all". This was compensated for by the number of "die hard" hunters 
who stayed in the field as long as possible. 
A study by Peterle (l96l) of Ohio hunters found that 99 percent 
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of the hunters were males. The sex of the hunter was obtained at 
Bear River Refuge only in 1960 and showed that 97 percent of the hunters 
were males. The breakdown of the hunting population by age groups is 
presented in Table 5 and compared with those obtained from the sample. 
The memory of duck hunters was tested at the Bear River Refuge 
in 1950 in which all of the hunters (3,288) using the refuge that year 
were sampled, Jensen (1951). 
Frequency of hunting trips to the refuge for the season, and the 
distribution of the hunters by their home counties in 1950 were compared 
with the similar data collected during 1960 (Table 6). The data shows 
that 5~ and 34 percent of the hunters hunted only once on the refuge for 
the 1950 and 1960 seasons respectively. This difference may be account-
ed for by the type of hunters who used the refuge in 1960. The majority 
of these hunters expected the hunting to be below average, but still 
went hunting. If these hunters would be willing to hunt under such 
unfavorable conditions, then they would probably hunt oftener than the 
average hunter. The data showed that only 5.0 and 7.6 percent of the 
hunters hunted more than five times during the 1950 and 1960 hunting 
seasons. 
Comparison of data on the distribution of hunters by home county 
shows only one major difference (Table 7). The number of hunters from 
Box "Elder County using the refuge during the two study years was almost 
double that reported by Jensen (1951). This difference is largely caused 
by a 27 percent increase in population experienced by Box Elder County 
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Table 5. Comparison of age 9roup data collected in Ohio (Peterle 1961) 
an d h B R' R f 1960 1961 at t e ear lver e uge -
~ge group of Percent of hunters Percent of hunters 
~he hunters in age group in age group Bear 
in years (Peterle 1961) River 0960-1961) 
10-17 10 8.32 
18-25 17 20.82 
26-33 20 19.86 
34-41 22 17.69 
Over 41 31 33.31 
Total 100.0 100.00 
Table 6. Comparison of hunting frequency group data collected at 
Bear River Refuge 1950 and 1960 
Number of Number of Percent of Number of Percent of 
times hunter hunters in hunters in hunters in . ·:h.un-ters in 
hunted on frequency frequency sample sample 
-
the refuge group group frequency frequency 
Jensen (1951) Jensen (1951 group (1960) group Cl960) 
1 1,906 57.98 221 34.21 
2 683 '20 .. 78 137 21.20 
3 309 9.40 133 20.59 
-4 120 3.65 59 9.09 
5 95 2.89 47 7.28 
Over 5 175 5.30 49 7.63 
7 ... 
Total 3 288 100.00 646 100.00 
Table 7. Comparison of the distribution of hunters by counties 
collected at Bear River Refuge 1950 with that collected 
by random sampling 1960-1961 
Percent of the Percent of the 
hunters from hunters from 
County county (1950) county 1960-1961 
Box Elder 10.98 20.81 
Cache 3.41 4.35 
Davis 4.53 2.29 
Salt Lake 47.67 39.95 
Tooele 1. 40 1. 50 
Weber 28.65 26.58 
Other and non-resident 3.36 4.52 
Total 100.00 100 00 
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Table 8. Comparison of the percentage of th~ five main species in the 
total kill with those obtained from the samole for l~hO-l ~h 1 
Percent of Percent of Percent of Percent of 
species in species in species in species in 
total kill sample kill total kill sample kill 
Species 1960 1960 1961 1961 
Pintail 40.55 41.06 21.08 22.91 
Green-winged Teal 28.05 26.55 28.68 27.01 
Mallard 9.03 8.63 12.00 13.28 
Shoveller 9.58 12.45 20.92 22.24 
Baldpate 4.92 4.20 4.08 4.32 
Total 92.13 92.89 86.76 89.76 
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in the last five years (Anonymous 1960). 
Jensen (1951) also stated that the average number of hunting trips 
per individual to the Bear River Refuge was 2.0 in 1950. Friley (1959), 
from a five-year study, reported that the average hunter made 1.98 trips 
per season to the Swan Creek Highbanks area in Michigan. The sample 
data showed that the average hunter made 2.56 trips to the Bear River 
Refuge in 1960. The difference between the present study and that 
reported by Friley may be because only a limited number of hunters can 
use the "preferred" section of the Michigan marsh; whereas there is no 
such restriction at Bear River Refuge. 
The comparison of the percentage of each of the five main species 
in the total kill with those obtained from the sample is presented in 
Table 8. The data shows the close approximation of the compos ition of 
the total kill, given by the sample kill. 
The preceding comparisons demonstrate that a valid sampling 
procedure was used. The remaining information obtained from the 
sample should also give valid results. 
Difference in the hunter utilization of the study areas 
The statistical analysis showed that a strong dependency existed 
between the zone and section. The zones were marked off by distance 
and the sections by direction. A hunter upon entering the refuge not 
only must decide how far to go but in what direction. 
The hunter in making this decis ion cons iders several different 
factors. The majority of hunters believe that the competition decreases 
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the farther they go from the checking station. This re asoning is a 
probable explanation of why the hunter frequencies tend to increase as 
the distance from the checking station increases. In making his deci-
s ion the hunter also cons iders the distance and his available transport-
ation. If the hunter has a motorboat or airboat then he can go to the 
outer zones with only a little more difficulty than it would take to reach 
the inner zones. The foot hunter is limited in the areas he can hunt due 
to water barriers and the long distances to be travelled. 
The previous experience of the hunter may determine where he 
will hunt. The hunter may return consistently to the same area or he 
may take advantage of his knowledge and hunt the areas which provide 
better hunting. The age of the hunter may also be important I the young 
vigorous hunters may utilize the outer areas and the older I more sedate 
hunters I the areas closer to the checking station. Another factor which 
may influence the site location is the weather. The presence or absence 
of a wind could affect the hunter's decision as to what area he will hunt. 
An experienced hunter is aware that ducks land into the wind and may 
select a hunting site which allows him to take advantage of this. The 
freeze-up of the marsh could greatly affect the hunter's decision 
because the hunter is now limited to walking and the hunter may not 
want to wall) to his regular hunting area. 
Relative effect of various factors influencing the hunter frequencies 
in the study areas 
The following procedure was used to get an idea of the relative 
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influence of the factors influencing the hunters' decisions. A list of all 
the factors which might influence the hunter's decision was compiled 
and six factors were isolated for analysis by multiple regression. The 
2 
fi;wtors were Ijnearly associated and the calculated R values indicated 
that the joint effects of these factors give a high predictive value of 
the hunter frequency. 
The most Significant factors (Table 23) were the acreage of water 
and marshland in the area. Some combination of these two factors pro-
duce a condition which the hunter prefers to a condition available in an 
adjacent area. 
The total size of the area may be important I the larger areas hav-
ing a larger number of hunters. The water/land ratio may also be an 
important factor. Considerably more hunters are found along the large 
open bodies of water I which have high water/land ratios. These areas 
have long shorelines which could be the important factor in determining 
hunter frequency. The hunting site is usually located near the periphery 
of the vegetation. The more shoreline available in an area the more 
hunting sites provided. 
The hunter's experience was the next most signific;::ant factor. A 
comparison between Tables 1 and 2 with Table 11 shows that the areas 
having more experienced hunters generally have a higher average kill. 
The higher kill can be caused by the experienced hunters being more 
efficient or may be the result of the experienced hun ters selecting the 
areas that provide better hunting. 
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The three factors: the distance to the center of the area from the 
checking station, the average age of the hunters in the area and the 
time spent in the field are relatively unimportant in determining the 
hunter frequency of an area. The lack of importance attributable to 
distance is caused by the fact that hunters using boats can travel to 
the outer zones almost as readily as to the inner ones. An inter esting 
fact is that the average age of the hunters in an area tends to decrease 
as the distance from the checking station increases. 
The areas were ranked by their hunter frequencies in a descend-
ing order to magnitude. The size of the areas had little relationship 
with the hunter frequency (Table 9). The water/land ratio was calcu-
lated for each of the study areas and showed little relationship with 
the hunter frequency (Table 9). 
The length of the shoreline was measured in all of the units. 
The technique used to measure the shoreline length was that presented 
in Moesner and Tocher (1962), and gives a measurement accurate to 
Within 2 percent of the total length. 
The lengths of the shorelines in feet are presented in Table 9, 
along with the number of hunters per I, 000 feet of shoreline for each 
of the areas. The length of the shoreline shows a good correlation 
with hunter frequency. The areas 4.,..3 and 4-1 with the longest lengths 
of shorelines had the largest hunter frequencies 254 and 171 hunters 
respectively (Table 9). The areas 1-1 and 1-2 with the shortest 
lengths of shoreline had the smallest hunter frequencies 6 and 26 
Table 9. Ranking of the study areas by magnitude of their hunter frequency, also size in acres, 
water/land ratio, length of the shoreline in feet, and the number of hunters per 1,000 feet 
of shoreline for 1960-1961 
Hunter Hunters pet 
Area Ranking frequency Size of area . Length of 1,000 feet 
in area in acres n Water/land ratio shoreline {feet} of shoreline 
4-3 1 254 2,095.5 14.1 00 69,144 3.67 
4-1 2 173 1,810.2 6.258 60,000 2.88 
3-2 3 102 391.5 .743 47,040 2.17 
3-3 4 89 345.4 .674 37,656 2.36 
2-4 5 83 386.6 .923 34,248 2.42 
3-1 6 82 405.4 2.125 35,760 2.29 
1-3 7 67 143.6 .072 12,264 5.46 
2-2 8 59 313.0 .916 39,600 1. 49 
4-2 9 57 1,832.0 53.750 8,952 6.37 
2-1 10 57 347.2 1. 056 27,552 2.07 
2-3 11 55 208.3 .011 16,272 3.38 
4-4 12 44 529.3 6.980 13,320 3.30 
3-4 13 41 245.9 .952 10,176 4.03 
1-4 14 38 160.5 1. 515 15,360 2.47 
5-1 15 31 extremely large varies greatly not calculated ----
1-2 16 26 109.1 .543 4,848 5.36 
1-1 17 6 17.8 .458 1,464 4.10 
Total 17 1,264 9,341.3+ 433,656 2.91 w 
c:n 
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hunters respectively. 
Only four of the 16 areas based on shoreline length did not agree 
closely with their hunter frequency ranking. The areas differing in 
hunter frequency and shoreline length ranking were: (1) area 2-2 which 
was too low in hunter frequency ranking; (2) area 1-4 which ranked low; 
(3) area 1 -3 which ranked high; and (4) area 4-2 which ranked high. The 
difference between areas 2-4 (83 hunters) and 3-1 (82 hunters) and their 
shoreline lengths was slight and this difference was not cons idered 
important. 
Transportation was the factor of major importance bringing about 
these differences. Figure 3 presents a diagrammatic picture of the 
transportation types used to reach each of the 17 areas. Area 2-2, with 
foot and motorboat as the most frequently used transportation types, 
had the lowest utilization use (1.49 hunters per I, 000 feet of shoreline) 
because of the inaccessibility of about two-thirds of the area to hunters 
on foot. This inaccessibility is brought about by two deep channels 
flowing through the area, Ben's and Blodgett's Overflows (Figure 2). 
These channels are too deep for hunters to wade. This forces the 
hunter to make a long and difficult walk if he desires to hunt anywhere 
in this area except close to the road bordering the area. Few hunters 
are willing to make this walk. 
The cause for area 1-4 having the second lowest utilization 
rate (2.1 hunters per I, 000 feet of shoreline) was the inaccessibility of 
the area to hunters without boats. Only 8 percent of the hunters who 
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used this area were on foot, even though it is the closest area to head-
quarters. This area was listed by 13.4 percent of the hunters as the area 
of the refuge they would prefer to hunt if it were more accessible. These 
nine hunters all hunted in area 1-3. If area 1-4 had been accessible to 
these hunters and if they had hunted there the utilization of the area 
would have increased to 3. 06 hunters per I , 000 feet of shoreline or just 
a litUe above the average for the 16 areas (Table 9). The use of area 1-3 
wOllld have been decreased to 4.7 hunters per I, 000 feet of shoreline. 
Area 1-3 was utilized considerably more (5.5 hunters per I, 000 
feet of shoreline) than would be expected. This is because 81 percent 
of the hunters who used this area were "foot" hunters and this is the 
most readily access ible area to hunters on foot. 
Area 4-2 ranked first in utilization by hunters (6.4 hunters per 
I, 000 feet of shoreline). This is attributed to the land mas s of the 
area being entirely composed of small islands. These islands give a 
maximum length of shoreline with a minimum of area used. The islands 
are spaced far enough apart so as to provide more hunting sites. Air-
boats and motorboats are used by 77 percent of the hunters using this 
area, and hunters using these methods of transportation would have no 
difficulty in reaching this area. 
The combination of the length of shoreline in an area and the 
transportation method used to reach an area determine almost entirely 
the hunter frequency of that area. 
Area 5-1 was not included in the discussion due to its extremely 
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large size and the difficulty involved in getting an accurate shoreline 
length measurement due to the variability caused by the different degrees 
to which the area was flooded. Another reason for not including this area 
is due to its inacces s ibili ty . The area is acces sible only by airboat for 
hunters checking into the refuge. Even then the area is still difficult 
to reach I and utilization of it is extremely small. 
The analysis of variance (Table 4) gives the percentage of the 
variation due to each of the factors. The transportation comprises 7.4 
percent of the total variation. This value is due to the use of different 
methods of transportation by the hunters. The area makes up 5.4 percent 
of the variation. This was largely caused by blocks 5 and 6 which had 
nine to one water/land ratios I instead of nearly a one to one ratio as was 
the case for the other four blocks. The interaction between the transport-
ation and the area comprised 38.5 percent of the total variation I making 
it a highly important factor. This means that the transportation method, 
used and the area are highly dependent. This dependency is due to the 
inacces s ibili ty of areas to certain types of transportation. An example 
of this is area 4-1 (Figure 2) which is eas ily acces sible by airboat I 
bu.t is extremely difficult to reach by either foot or motorboat. Foot 
hunters must make a four mile walk (round-trip) to hunt in this area. 
The shallow water of the area greatly limits travel by motorboat. To 
reach this area by motorboat the hunter must pull or push his boat 
through shallow water and mud for a cons iderable distance . 
. Area 1-4 (Figure 2) is an example of an area easily reached by 
motorboat. The deep channel parallel to the "L" line makes the area 
inaccessible to hunters on foot. 
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Areas 3-4 and 4-4 (Figure 2) are difficult for hunters using air-
boats to reach. To reach this area directly by water I the hunter must 
travel the channel paralleling the "L" line and must transport his boat 
over a dike. Airboats being extremely heavy and cumbersome cannot 
easily be transported over the dike. 
The error component represents the amount of the variation not 
measured by the factors included in the analysis. The large value of 
the error (45.9 percent) is common for biological situations and is due 
to the large number of unmeasured variables. The weather would be a 
variable of importance that was not measured. The hunter may be un-
willing to travel to the outer zones if a heavy rain or snow is falling. 
A heavy wind may limit boat travel. Airboats I because of their low 
profile can be easily swamped if they have to travel for any length of 
time crosswind. 
The hunter chang ing his way of thinking from one day to another 
would be another unmeasured variable. He may decide I for no apparent 
reason I to explore the refuge in search of a new hunting area. The 
hunter may also decide to move to another area because the area he 
selected is too crowded or the birds are not flying. He may set off in 
one direction from the checking station and stop at the first area that 
looks good (chance). 
In the analysis there was no indication that the types of trans-
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portation were different from year to year. This means that in determin-
ing the future utilization of the refuge we can cons ider the effect of 
transportation used by the hunters on the utilization as being constant 
from year to year. 
The transportation was found to be associated with the months 
of the season. This dependence was due to physical factors, which 
make it difficult to use some transportation methods during certain 
months of the season. The refuge was usually frozen for the entire 
month of December. This freeze-up greatly decreased the use of boats 
by the hunters, and forced hunters to walk to their hunting sites (Table 
10). The freeze-up thus effects the utilization of the refuge by making 
the outer zones more inacces sible. 
Factors influencing the composition of the kill in the study areas 
The 646 hunters interviewed in 1960 killed 1,646 ducks and 
geese for an average of 2. SS birds per hunter. The waterfowl kill in 
1961 was 1,340 ducks and geese for the 618 hunters interviewed or an 
average of 2.17 birds per hunter. The composition of the waterfowl kill 
for the study areas is presented in Table 24. The average kill for each 
of the study areas is shown on Table 11. 
The total kill of waterfowl obtained from the 1,264 hunters inter-
viewed for the two years of the study was 2,986 birds for an average of 
2.36 birds per hunter (Table 12). 
The discussion of the influence of factors on the composition of 
the kill was concerned with the five species of waterfowl comprising 
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Table 10. Freauencv of transoortation used in each month for 1960-1961 
Method of transportation 
Month Airboat Foot Moto~oat Total 
October 92 150 236 478 
November 222 117 208 547 
December 67 112 60 239 
Total 381 379 504 1,264 
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T bl 11 A a e t f lk'llf verage wa er ow 1 or eac h f th t d 0 e s u y areas 
Average Average Average 
kill kill Difference both 
Area 1960 1961 in kill years 
1-1 2.33 1. 00 -1. 33 1. 67 
1-2 1. 29 1. 89 + .60 1. 50 
1-3 2.00 1. 33 - .67 1. 55 
1-4 2.94 3.57 +~ 3.29 
- .77 2.00 
2-1 2.93 1. 67 -1.26 2.00 
2-2 1. 95 1. 95 0.00 1. 95 
2-3 1. 48 1. 47 -0.01 1. 47 
2-4 2.27 1. 70 -0.57 1. 95 
-1. 84 1. 84 
3-1 2.97 2.42 - .55 2.65 
3-2 2.02 1.18 - .84 1. 55 
3-3 2.62 2.64 + .02 2.63 
3-4 3.00 2.32 ---.:.ll 2.58 
-2.05 2.35 
4-1 2.66 3.08 + .42 2.87 
4-2 2.61 2.00 - .61 2.35 
4-3 2.55 2.37 - .18 2.48 
4-4 3.62 2.11 -.L...§l . . 3.00 
-1. 88 2.68 
5-1 4 _4~ 3.27 -1 17 3 87 
Table 12. Sample kill composition by age and sex (1960) and sex (1961), and the percent each species 
- ...... f the total kill for 1960-1961 
Species Year . 1960 Percent 1961 Percent Total for Percent ~otal Pct. 
of Sex d' ~ species !Sf ~ species both years species ~pecies 
waterfowl Aap. A T A T in kill in kill cJr . !i- in kill 'n kill 
Pintail 258 70 268 80 41. 06 168 139 22.91 496 487 16.61 16.31 32.92 
Green -w inged 
Teal 171 30 170 63 26.55 228 134 27.01 432 367 14.47 12.29 26.76 
Mallard 63 21 40 18 8.6 3 118 60 13.28 202 118 6.76 3.95 10.71 
Gadwall 7 4 11 6 1. 70 32 20 3.88 43 37 1. 44 1.24 2.68 
Shoveller 53 17 55 80 12.45 147 151 22.24 217 286 7.27 9.58 16.85 
Baldpate 26 7 15 21 4.20 33 25 4.32 66 61 2.21 2.38 4.59 
Cinnamon Teal 0 0 1 10 0.67 8 14 1. 64 8 25 .27 .83 1.10 
Ruddy Duck 0 0 0 0 0.00 3 3 0.44 3 3 .10 .10 0.20 
Scaup 0 0 1 3 0.24 1 4 0.37 1 8 .03 .27 0.30 
Bufflehead 2 0 6 17 1. 51 2 19 1. 57 4 42 .13 1. 41 1. 54 
A. Merganser 1 0 0 2 0.18 0 0 0.00 1 2 .03 .07 0.10 
R. B. Merganser 0 0 0 0 0.00 0 2 0.15 0 2 .00 . 07 0.07 
Redhead 0 0 0 1 0.06 0 0 0.00 0 1 .00 .03 0.03 
Canada Goose 1 9 3 3 1. 33 9 1 0.73 19 7 .63 .23 0.86 
Snow Goose 2 1 0 0 0.18 1 2 0.22 4 2 .13 .07 0.20 
Goldeneye 0 2 7 16 1. 52 3 13 1.19 5 36 .17 1. 20 1. 37 
Old Squaw 0 0 0 1 0.06 0 0 0.00 0 1 .00 .03 0.03 
Totals 584 164 577 321 100.34 753 587 99.95 1,501 1485 50.27 49.73 100.00 
-
~ 
~ 
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92 percent of the total kill (Table 12). These species were Pintail 
(Anas acuta), Green -winged Teal (Nettion carolinense) , Mallard (Anas 
platyrhynchos), Shoveller (Spatula clypeata), and Baldpate (Mareca 
americana). This was done to simplify the calculations for making Chi-
square tests, and is justified by an examination of Figures 4 and 5, 
which show the close relationship of the average kill of these five 
species to the average kill of all species for each zone and section of 
the refuge. The graphs follow the same trend, the only difference being 
in the magnitude of the values. 
The effect of the zone or section of the refuge hunted on the 
species composition of the kill and the hunter success was considered 
first. The questions considered were': (l) Is there a significant 
difference in the hunter success due to the zone or section hunted? 
(2) Is there an association between a species of waterfowl killed and 
a zone or section of the refuge? 
Two-way contingency tables were constructed from the data in 
Tables 13 and 14. The observations were made more comparable by 
dividing the kill of each species in the zone or section by the number 
of hunters who used the zone or section . The Chi -square values 
calculated were . 328 for the zones and .290 for the sections. These 
values were not significant at the .0 I level. This means that as far 
as the hunting success is concerned, no dependency exists between 
a zone and species, or between a section and species. A particular 
zone or section has no influence on the kill of a particular species, 
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__ Average kill for 5 main species 
___ Average kill for all species 
1.0~ ________ += ________ ~ ________ ~ ______ --+ 
1 2 3 4 5 
Figure 4. Comparison between average kill of all 
species and the five main species for 
each zone 1960-1961 
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Figure 5. Comparison between the average kill of all 
species and the five main species for each 
section 1960-1961 
Table 13. Total and percent of each species killed in each zone of the refuge I including number of 
hunters for the zone 1960-1961 
- ---_. _-
--- -- - - ~ 
-
Species Number Percent Number Percent Number Percent Number Percent 
of killed in of kill in killed in of kill in killed in of kill in killed in of kill in 
waterfowl Zone 1 Zone 1 Zone 2 Zone 2 Zone 3 Zone 3 Zone 4 Zone 4 
Pintail 64 7.24 118 13.35 230 26.02 472 53.39 
Green-winged 
Teal 102 12.90 131 16.56 188 23.77 370 46.78 
Mallard 32 10.32 92 29.68 82 . 26.45 104 33.55 
Shoveller 49 9.72 58 11.74 121 24.49 266 53.85 
Baldpate 6 4.76 13 10.32 26 20.63 81 64.29 
Total 253 9.71 412 15.82 647 24.84 1 293 49.64 
Number of 
hunters in 
zone 137 11.11 254 20.62 314 25.47 528 42 . 82 
-
Total 
kill of 5 
soecies 
884 
791 
310 
494 
126 
2 605 
1 233 
.t::. 
'-J 
., 
Table 14. Total and percent of each species killed in each section of the refuge, including number 
of hunters for each section 1960-1961 
------
Species Number Percent Number Percent Number Percent Number Percent 
of killed in of kill in killed in of kill in killed in of kill in killed in of kill in 
waterfowl Section 1 Section 1 Section 2 Section 2 Section 3 Section 3 Section 4 Section 4 
Pintail 216 24.43 146 16.52 395 44.68 127 14.37 
Green-winged 
Teal 275 34.77 126 15.93 244 30.85 146 18.46 
Mallard 66 21. 29 48 15.48 120 38.71 76 24.52 
Shoveller 198 40.08 57 11.54 149 30.16 90 18.22 
Baldpate 35 27.78 21 16.67 40 31. 75 30 23.81 
Total 790 30.33 398 15.28 948 36.39 469 18.00 
Number of 
hunters in 
section 318 25.79 244 19.79 465 37.71 206 16.71 
Total 
kill 
884 
791 
310 
494 
126 
2 , 605 
1 233 
.t:>-
eo 
when the hunting pressure is kept constant. Therefore the kill is not 
significantly different in the different zones and sections. 
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This lack of significance can be attributed to the following 
conditions. The distribution or availability of the birds to the hunter 
was similar for each of the zones and sections for the entire season. 
The accessibility or suitability of the zones and sections for the birds 
was alike. There is no indication that any species is more vulnerable 
to hunting than another in any zone or section. If a species was more 
susceptible to hunting it may not show up I because of hunters who 
practice selective shooting and would pass these birds up for the more 
"choice" species. This would hold down the number of the vulnerable 
species in the bag and make the vulnerability difficult to detect. There 
was no indication of selective shooting for a particular species. The 
hunters shoot whatever birds are available. The average hunters for 
each zone or section were about equal in hunting ability. 
The next question "Is there an association between a species 
of waterfowl shot and a month of the season I keeping the hunting pres-
sure constant? " 
A two-way contingency table was constructed from the data 
(Table 15). The observations were divided by the number of hunters in 
the month to obtain a constant hunting pressure I and to make the 
observations more comparable. The calculated Chi -square value was 
.539 which was not significant at the. 01 level. This lack of signifi-
cance means that no association exists between the species of water-
Table 15. Total and percent of the kill of each species for each month of the hunting season, including 
total hunters for the month 1960-1961 
Species Number Percent of Number Percent of Number Percent of 
of killed in kill in killed in kill in killed in kill in Total 
[waterfowl Or.tober Or.tober November November December December Kill 
Pintail 309 31. 76 490 50.36 174 17.88 973 
Green-winged Teal 386 48.31 360 45.06 53 6.63 799 
Mallard 97 30.31 137 42.81 86 26.88 320 
Shoveller 236 46.92 239 47.51 28 5.57 503 
Baldpate 68 53.97 44 34.92 14 11.11 126 
Total 1,096 40.28 1,270 46.67 355 9.37 2,721 
Number of 
hunters in month 478 37.82 547 43.28 239 18.91 1 264 
CJ1 
o 
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fowl shot and a month of the season I when the hunting pressure is kept 
constant. 
The lack of significance may be explained by the assumptions. 
The availability of the species to the hunter was similar for each month 
of the season. The s kill of the hunters in each month of the season was 
equal. Generally it is assumed that the majority of hunters I in the latter 
part I are more experienced than the hunters in the early part of the season. 
If this is true I then the kill is affected by some other factor than the 
hunter I s experience. There was no indication of selective shooting for a 
species in any month of the season. The hunters shot whatever species 
of birds are available. 
It is the general consensus that waterfowl are more readily kill-
ed in certain months of the hunting season. Hickey (l952) states that 
Mallards are more susceptible to hunting in November than at any other 
time in the season I because 46 percent of the Mallard kill occurs in 
November. This is the only evidence he uses to support this finding. 
He evidently did not cons ider what percentage of hunting occurred in 
November. If he had considered this he may have found that 46 percent 
of the hunting was done in November. The increased vulnerability to 
hunting of one species over another would be difficult to detect if select-
ive shooting was practiced to a Significant degree. The converse of this 
could also be true I and selective shooting of a species may be difficult 
to detect if certain species are more vulnerable than others to hunting. 
The final questions were:: (l) Is there an association between 
the sex of the waterfowl shot and a month of the hunting season? and 
(2) Is there an association between either sex or age of the waterfowl 
shot and a month of the season I Keeping the hunting pressure constant 
in both cases. 
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From the data in Tables 16 and 17 I two-way contingency tables 
were developed . The Chi - square value calculated from the data in Table 
16 was .157 which was not significant. The Chi-square value calculated 
from the data in Table 17 was .204 which also was not significant. 
Therefore I there was no association between the sex or the sex and age 
combination of the waterfowl shot and a month of the season. 
The lack of significance can be attributed to several conditions: 
(1) that the number of birds available to the hunter in the sex and age 
classes was similar in each month of the season. Females (both adults 
and juvenile) composed a greater percentage in the early part of the season I 
and males (adults and juveniles) composed a larger percentage of the bag 
during the later part of the season. This difference was not large enough 
to be significant; (2) that the area is not more attractive to anyone sex 
or age class. Based on these assumptions no apparent difference exists 
in the susceptibility of the different sex and age classes to hunting for 
any month of the season; (3) that the hunters are not selective in what 
they shoot or else they cannot differentiate between the different sex 
and age classes . Whatever the reason I the hunters appear to shoot 
whatever sex and age classes are available in the area. 
Table 16. Sex composition of the waterfowl kill, and hunter frequency for each month of the 
seasOPs 1960-1961 
---- -
Number Percent Number Percent Number Percent 
killed in of kill in killed in of kill in killed in of kill in 
Sex October October November November December December 
Males 504 33.87 739 49.66 245 16.47 
Females 695 46.40 649 43.32 154 10.28 
Total 1 199 40.15 1 388 46.48 399 13.36 
Number of hunters 
in the month 478 37.82 547 43.28 239 18.91 
Table 17. Age composition of the waterfowl kill and hunter frequency for each month of the 
season 1960 
Number Percent Number Percent Number Percent 
killed in of kill in killed in of kill in killed in of kill in 
Sex and age clas s October October November November December December 
Adult male 270 45.92 237 40.31 81 13.78 
Juvenile male 66 40.24 74 45.12 24 14.63 
Adult female 340 59.86 181 31.87 47 8.27 
Juvenile female 193 59.20 108 33.13 25 7.67 
Total 869 52.79 600 36.45 177 10.75 
Hunters in month 304 _ 47.06 232 35.91 110 17.03 
----------- -
Total 
kill 
1,488 
1,498 
2,986 
1,264 
Total 
kill 
588 
164 
568 
326 
1,646 
646 
I 
, 
(J1 
w 
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Factors influencing the waterfowl kill over the entire area 
Figures 6 and 7 graphically portray the following information on 
the waterfowl kill. The daily kill of waterfowl on the refuge is closely 
related to the number of hunters. The average daily kill fluctuates 
greatly from day to day and is lower on weekends or on days when there 
are a large number of hunters in the field . This decrease is probably 
due to a combination of two factors: (1) there are more inexperienced 
hunters in the fields on weekends; and (2) the increased hunting pressure 
makes the birds "s pooky" so that they don 't decoy as readily. The 
average daily bag in 1960 was low during the latter part of October and 
early November I and high during the last of November and the middle of 
December. In contrast to this I the average daily kill in 1961 was high 
during the last of October and the early part of November. Another high 
point occurred the first part of December. 
The figures show that the size of the waterfowl population on the 
refuge at anyone time has little effect on the daily kill. However I the 
total population for the entire hunting season does affect the total 
seasonal kill. The seasonal population of waterfowl using the refuge 
was considerably higher in 1960 than in 1961. The average kill in 1960 
was also higher than in 1961 being 2.28 to 1.76 birds per hunter 
respectively. 
The distribution of the waterfowl on the refuge has an important 
effect on the kill. Van Den Akker and Wilson (1951) pointed out that 
the total kill and the species composition are not always in proportion 
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to the total population. Frequently the total kill and kill composition 
depend on the population density and the species distribution on the open 
area. This is shown by the high average daily kills which occurred in 
December, 1960, when the waterfowl population was lowest. The birds 
that are present on the huntable portion tend in December to congregate 
on the available open water. The hunters attempt to hunt these con-
centrations. 
In 1960 the area outside of the outer dikes was flooded for the 
first time in early November. This flooding made a large supply of food, 
mainly Salicornia rubra, available to the birds for the first time. A large 
segment of the waterfowl population moved into this area to feed. This 
brought about a sharp decline in the hunting success in the areas close 
to the checking station. The hunters who were able to hunt area 5-1 
enjoyed excellent shooting. The average kill for this area was 4.44 
birds per hunter. The kill in the area consisted entirely of the "choice" 
species of waterfowl, Pintail (90 percent), Mallard (8.6 percent), and 
Gadwall (1.4 percent) . 
The weather has long been considered to have an important effect 
on waterfowl hunting success. Many waterfowl hunters believe that the 
more adverse the weather the better the duck shooting. This contention 
has not been entirely proved. The great number of variables which make 
up the complete weather picture are difficult to measure and analyze. 
The waterfowl do not always cooperate with the weather conditions. 
Excellent shoots have been recorded on "blue-bird" days and extremely 
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poor hunting success has been experienced under "ideal" weather 
condi tions . 
Miskimen (1955) found that the daily cycle of resting and feeding 
t 
of migrant Mallards I Black Ducks I and Lesser Scaup in Ohio I was 
regulated by light intensity. Resting ducks become increasingly active 
as the light decreased in the evening. There was more activity among 
ducks on dark I or overcast days than on bright days. Strong winds 
induced compact rafting of the ducks. Winner (1960) found that the 
movement of ducks was associated with a falling barometer I overcast 
skies I wind and a slight temperature variation. 
The weather conditions for the days with high and low average 
kills (Figures 6 and 7) were compared to determine a set of factors 
which were responsible for the difference in the hunting success. 
The weather characteristics used were: (1) maximum and minimum 
temperature for the day; (2) character of the day (clear I cloudy I etc.); 
(3) amount of precipitation for the day; and (4) wind movement for the 
day. The amount of the units covered with ice w~ also used. No 
direct effect on the kill was observed due to the temperature I character 
of the day or precipitation. A moderate to heavy wind appeared to be a 
factor of some importance I especially in the first two months of the 
season. The wind appeared as a factor in seven of the 15 days with 
high average kills in October and November of the two years. The wind 
only appeared as a factor in one of the 10 days in October and November 
wi th low average kills. The effect of the wind movement appeared to 
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decrease as the units became frozen over. Generally the days with good 
hunting success were overcast with a moderate to heavy wind blowing. 
The freeze-up of the marsh also had an affect on the kill. The kill 
usually declined the first day after a good freeze (50 percent or more of 
the water covered with ice) I and then increased for a short time until the 
majority of the birds left the refuge. A slight freeze followed by a warm 
afternoon I which caused the ice to melt in the shallower water areas I 
generally produced better than average hunting success. The ducks have 
a tendency to feed in the shallow water areas and the birds start moving 
into the shallow water areas as soon as the ice starts to break up. This 
habit makes the birds more available to the hunters. 
The old saying "The early bird catches the worm" does not hold 
true at Bear River Refuge. The hunter who arrives early and only hunts 
the early portion of the day has a much lower hunting success than does 
the hunter who arrives later and hunts the middle portion of the day. 
This is because the peak of waterfowl movement is between 11=00 a. m. 
and 2:00 p. m. The reason for this movement is not known. This 
activity pattern is recognized by many veteran hunters who take advant-
age of it. Several of the hunters stated that in their opinion it was not 
worthwhile be ing in the field before 10= 00 a. m . 
The crippling loss was almost constant for the two years I being 
higher in 1960 (16.6 percent) than in 1961 (15.4 percent). The loss due 
to crippling at Bear River Refuge was lower than that reported for other 
areas of the country. Fuller (1953) calculated the crippling loss for 
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Pintails in Utah to be 24 percent. Lee (1956) found that the crippling 
los s in Minnesota was 16.5 percent for hunters who used retrievers and 
25 percent for those who did not. The low crippling loss at Bear River 
Refuge cannot be attributed to the use of retrievers because only 7 per-
cent of the hunters used retrievers in 1960. The low crippling los s may 
be due to several causes. The hunter may not want to report the actual 
number of birds he crippled. The area where the majority of the hunting 
is done is along the shoreline of large open bodies of water and generally 
the bordering vegetation is low and occurs in thin stands. These two 
factors make it much eas ier to retrieve downed waterfowl. The average 
hunter at Bear River Refuge had been hunting there 8.2 years. Experi-
enced hunters such as these generally make an "honest" attempt to 
retrieve all of the birds they knock down. 
Hunter characteristic data 
Four characteristics directly related to the hunter were analyzed 
for their effect on the utilization of the refuge. These characteristics 
were age, sex, home county of the hunter, and the hunter's experience. 
The average ages of the hunters using the refuge were 33.7 years 
and 36.8 years in 1960 and 1961 respectively. Column X2 of Ta,bles 1 
and 2 presents the average age of the hunters us ing each of the study 
areas. The percentages of the hunters in the various age groups were: 
14-17 years (8.3 percent), 18-25 years (20.8 percent), 26-33 years 
(19.9 percent), 34-41 years (17.7 percent), and over 41 (33.3 percent) , 
crable 5). 
Males made up 97 percent of the hunters who used the refuge in 
1960. The female hunters, because of their small number, would not 
have an important affect on the utilization of the refuge, even if they 
were significantly different from the males in their preferences. The 
female hunters were all accompanied by male hunters and went where 
their male companions chose to go. 
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The highest percentages (40. and 26.6 percent respectively) of the 
hunters using the refuge were from Salt Lake and Weber Counties, which 
are the state's two most populouis counties (Table 18). The total from 
each of these two counties exceeded that of the county (Box Elder) in 
which the refuge is located. Hunters from Weber County were six times 
as numerous as the hunters from Cache County, even though the main 
population center in Weber County (Ogden 70, 000), and in Cache County 
(Logan 2 0, 000) are almost an equal distance (40 miles) from the refuge. 
Areas (4-3 and 4-1) with the highest hunter use for each of the 
counties were the areas with the highest hunter frequencies (Table 18). 
Table 18 shows the randomness with which the hunters from the different 
counties disperse themselves over the open portion of the refuge. 
Hunters were asked:: "Where else have you hunted waterfowl 
in 1961" to determine the percent of hunters utilizing other hunting 
facilities. A total of 188 hunters (34.2 percent) of the sample total had 
hunted elsewhere in 1961. These hunters gave a total of 339 replies. 
State managed public hunting areas were mentioned in 56.6 percent of 
the replies, private non-posted land and private clubs in 28.9 and 9.7 
,'Table 18. Number of hunters from each county who utilized the study areas for 1960-1961 
!Area of refuge 1-1 1-2 1-3 1-4 2-1 2-2 2-3 2-4 3-1 3-2 3-3 3-4 4-1 4-i 4-3 ~-4 5-1 
County 
Box Elder 7 9 3 17 13 2 9 6 21 17 5 42 14 84 7 7 
Cache 1 3 2 7 2 2 2 7 5 18 1 
Davis 4 2 2 5 5 4 6 2 1 
Salt Lake · 2 12 20 19 25 22 27 46 36 28 35 16 82 15 78 28 14 
Tooele 2 2 3 10 3 
[Weber 2 6 27 14 13 13 24 23 39 35 29 14 20 20 52 5 
Other and non-
resident 4 1 1 1 1 3 1 18 3 16 1 9 
Total 6 26 67 38 57 59 55 83 82 102 89 41 173 57 254 44 31 
Total 
263 
55 
29 
505 
19 
336 
57 
1,264 
Percent 
20.81 
4.35 
2.29 
39.95 
1.50 
26.58 
4.51 
100.00 
en 
N 
percent of the replies respectively (Table 19). 
Hunter opinion data 
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The hunters were asked four questions to obtain their opinions on 
selected subjects. 
The first question asked was (1) ''Why did you select Bear River 
Refuge to do your hunting today?" The total number of replies was greater 
than the number of hunters because several hunters had more than one 
reason for their selection. Of the replies listed over half (51.3 percent) 
had hunted on the refuge before. Another 17.3 percent of the hunters 
stated that the refuge provided better hunting than was available else-
where (Figure 8). These two answers gave a combined percentage of 68.9, 
which means that at least two out of every three hunters were familiar with 
the refuge and probably preferred it to other areas. The importance of 
these two categories was substantiated by the fact that Weber and Salt 
Lake Counties furnished two-thirds of the hunters who use the refuge. 
These hunters bypassed three state-owned public shooting areas, which 
are closer to their homes, to hunt at Bear River Refuge. 
The Histogram (Figure 9) presents the hunter replies to the question: 
''Why did you select the area of the refuge where you hunted today? " 
Two of the categories 'hunted there before' (51.1 percent) and 'a good 
flight of waterfowl' (11.6 percent) accounted for 62.7 percent of the 
replies. Thus, 63 percent of the hunters had a definite reason for their 
selection of a hunting area. Some of the hunters stated more than one 
reason for their selection, giving a total number of replies greater than 
Table 19. Replies I to answer the question: ''Where else have you 
hunted waterfowl in 1961 ?" 
Number of Percent of 
Area hunted replies total re~lies 
Private non-posted area 98 28.91 
Farmington Bay 64 18.88 
Ogden Bay 63 18.58 
Private club 33 9.73 
Public shooting grounds 27 7.96 
Other public areas 24 7.06 
Out of state 16 4.73 
Locomotive Springs 14 4.13 
Tntal 339 100 00 
Table 20. Replies I to answer the question: "Where are the areas of 
the refuge you would prefer to hunt? " 
Number of Percent of 
Area of refuge replies total replies 
4-3 11 16.43 
1-4 9 13.43 
2-4 9 13.43 
4-4 9 13.43 
4-1 9 13.43 
3-2 5 7.46 
3-3 5 7.46 
3-1 3 4.48 
4-2 3 4.48 
5-3 3 4,48 
3-4 1 1. 49 
Total 67 100.00 
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the number of hunters. 
The question: ''Why did you select the type of vegetation in which 
you hunted?" gave some interesting results (Figure 10). The hunter first 
selects the area and then makes use of the type of vegetation present. 
If the vegetation is low or sparse, providing poor concealment, he builds 
hides (blinds) from material not native to the area for concealment. The 
two categories, 'only or best cover in the area' (44.0 percent) and 'blind 
already constructed in the area' (27.0 percent) accounted for 71.0 percent 
of the replies. 
A total of 554 hunters or 89.6 percent answered negatively to the 
question: "Are there other areas of the refuge you would prefer to hunt if 
they were more readily accessible?" Only 64 hunters (10.4 percent) had 
areas of the , refuge they would rather hunt. These hunters were then ask-
ed the locations of these areas. Area 4-3 was selected by 11 hunters, 
and areas 4-1, 4-4, 2-4, 1-4 were each selected by 9 hunters (Table 20). 
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CONCLUSIONS AND RECOMMENDATIONS 
Major factors affecting the utilization of the refuge 
The length of the shorelines and hunter frequencies in the areas 
were directly related. The area and the type of transportation used to 
reach the area were found to be highly dependent on one another. 
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The most important component in determining the hunter frequency 
of an area was a combination of the length of the shoreline and the type 
of transportation. Thus a knowledge of this component would permit an 
accurate estimate of the number of hunters who would use the area in a 
hunting season. 
The types of transportation used were found not to be significantly 
different from year to year; therefore the transportation methods can be 
cons idered as being constant. However, the methods of transportation 
from month to month of the hunting season were found to vary signifi-
cantly. Therefore the occurrence of the transportation method for one 
month cannot be used in determining the hunter frequency of an area for 
a season. 
The experience of the hunter had an important effect on the hunter 
frequencies of the areas. The more experienced hunters appeared to 
select the areas which produced a slightly higher kill. 
The relative size of the waterfowl population and the hunting 
success were found to be important in determining the total number of 
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hunters who used the refuge. 
The waterfowl population during the 1961 season declined about 
39 percent from that in 1960. The average daily kill in 1961 dropped 
22.8 percent from that in 1960. The number of hunters using the refuge 
showed an almost equal decline (27.8 percent). This direct relationship 
of the average daily kill and number of hunters held true for the last five 
years (1957-1961). The relationship was an inverse one from 1950 to 
1956 (Figure 11). 
Present utilization level of the refuge 
The level of utilization of the refuge was low during the two years 
of the study. The number of hunters per 1,000 feet of shoreline length 
was used for comparing the degree of utilization of the areas. Each hunter 
who used the refuge during the study years had 12,400 feet of shoreline 
available for his use for each day of the season . . In contrast, each hunter 
who used the refuge during the 10 years (anonymous 1961) previous to the 
study (1950-1959) had-7 ,200 feet of shoreline available for his use each 
day of the season. Equated to yards, this gives 4,100 yards of shore-
line per hunter during the study years, and 2,400 yards per hunter for 
the 10 previous years. 
Figure 11 shows the number of hunters using the refuge and the 
average daily kill for the last 12 years. During this 12 year period the 
refuge accommodated an average of 5,050 hunters per year. This shows 
that considerably larger numbers of hunters have been accommodated on 
the refuge prior to the study. In contrast Ogden Bay, a state-owned 
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area I was used by an average of 19 ,492 hunters per year for the eight 
year period I 1950-1957 (anonymous 1958). 
Recommendations for obtaining a more equitable distribution of hunters 
on the huntable portions of the refuge 
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The study areas 2-2 and 1-4 (Figure 2) had utilization rates well 
below the average for the refuge (Table 9). This was because of their 
inaccessibility to hunters on foot. The construction of two footbridges 
would reduce the inaccessibility of the areas and make available a con-
siderably larger area for the use of the "foot hunter". 
The possible locations of the footbridges are shown in red on 
Figure 2. The bridges should be constructed in such a manner as not to 
impede boat travel on the channels. 
Estimation of the maximum level of utilization of the refuge in its 
present state of development 
The accommodation of a maximum number of hunters per day while 
still maintaining good hunting conditions was defined as the maximum 
level of utilization of the refuge. Estimating the maximum number of 
hunters that the refuge could accommodate for a single day or for an 
entire hunting season is difficult. The difficulty lies in estimating the 
length of shoreline allocated to each hunting site and the dis tance 
between sites. 
Allowing 300 yards (900 feet) of shoreline between hunting sites 
would be sufficient to keep the hunters from interfering with one another. 
Due to irregularities of the shoreline I hunters could be located close 
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enough to conflict with each other. To alleviate these conflicts the 
hunting sites must be at least 100 yards apart the remaining two direct-
ions. 
Using these figures the refuge could provide 180 hunting sites per 
day. Considering only one hunter per hunting site the refuge could 
accommodate 13,575 hunters during a 75 day hunting season. During 
the 1961 season of 75 days a total of 2,459 hunters used the refuge for an 
average of 32.8 hunters per day. Again considering only one hunter per 
hunting site, use of the refuge in 1961 was only 18 percent of the 
estimated maximum level. The average utilization level of the refuge 
for the 10 years previous to the sutdy (1950-1959) was calculated to be 
37 percent. 
The utilization of the refuge was considered near maximum on some 
weekends of the season. Consistently lower average daily bags for these 
days were recorded. The lower average bag may be attributed to a great-
er number of inexperienced hunters in the field on the weekends. 
The refuge has probably been utilized near the maximum level or 
more for short periods. For example the hunters on the opening days of 
the 1960 and 1961 hunting seasons had 761 and 753 feet of shoreline 
available per hunter. The refuge could tolerate such conditions for short 
periods, but the hunting quality would decrease if these conditions were 
sustained. 
To accommodate the maximum number of hunters it would be neces-
sary to have a large increase in hunting pressure during the week, and 
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a slight increase in the pressure on the weekends other than the opening 
one . 
The problem of obtaining a stabilized hunting pressure throughout 
the season is not readily solved. The majority of the hunters must hunt 
t" 
on the weekends or not at all. The hunters who can hunt week days ;;'., 
·'r .. 'i 
usually do so I but the majority do not hunt weekends. 
Crowded conditions on the weekends will continue to exist and will 
become even more acute in the future due to the growing hunter population. 
The number of hunters will increase to a point above the optimal level 
and produce an overcrowded situation. The future management of the re-
fuge should be planned to accommodate these larger numbers of hunters 
and still provide good hunting conditions. 
Recommended methods for increas ing the utilization potential of the 
refuge for hunters and nesting waterfowl 
The potential utilization of the refuge can be augmented by extend-
ing the length of the shoreline of the refuge. This elongation would not 
only provide additional hunting sites I but would also increase nesting 
habitat for waterfowl. Fuller (1953) reported that the majority of duck 
nests were located near the periphery of the vegetation. As the perimeter 
("edge It) of the vegetation increases I higher numbers of nesting sites 
become available. Ninety-three percent of the nests in his study area 
were located not more than 100 feet from water. 
The most serious problem facing waterfowl administrators at present 
is providing sufficient breeding habitat. Any method which increases 
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breeding habitat should be put into operation, provided it is practical 
and does not reduce habitat better suited for other purposes, such as food 
production. 
There are two methods to increase the shoreline of the refuge. 
The first would entail construction of a chain of small islands in the 
large open bodies of water. The islands would provide the greatest 
amount of shoreline and would take up the least amount of land for their 
construction. The type of nesting habitat provided by barren islands 
woul d be better suited for less desirable water birds (gulls, Larus 
californicus and cormorants, Phalacrocorax auritus). A good vegetative 
growth on the islands would not only discourage nesting of these two 
species but also furnish concealment for hunters and nesting waterfowl. 
The problem lies in getting and maintaining a good vegetative growth on 
the islands. This problem may be solved by piling dead brush on the 
islands after they have been seeded. The brush would protect the 
vegetation during its initial stages of development and help the 
vegetation become established. 
The second method for increas ing the shoreline would cons ist of 
building secondary dikes through portions of the large water areas in 
Units I, 2, and 3. These dikes would have openings to permit the flow 
of water from the upper to the lower portions of the units. These dikes 
would aid the development of vegetation on both sides of the dike and 
would permit better water control. The increased vegetation would pro-
vide additional hunting sites. The vegetation along the banks of borrow 
75 
pits formed on each s ide of the dike and the additional channels which 
would be created by the diversion of water by the dikes would add greatly 
to the waterfowl nesting habitat of the refuge. Williams and Marshall 
(1937) found that 95 percent of all duck nests on the Bear River Refuge 
were located within 45 feet of a channel or ditch. Major consideration 
should be given to the location of these dikes and the size of the area to 
be diked off. 
A study is needed to determine the waterfowl use of the various 
areas of the refuge and the importance of these areas for food production, 
prior to the construction of any dikes. The information gained from the 
study would show the areas where the waterfowl use and food production 
are lowest. This would enable the dikes to be located in these areas, 
thus removing as little of the productive habitat as possible. 
Another way to increase use of the refuge would be to make area 
5-1 more accessible to the hunter. This could be done by constructing a 
parking lot on the outer dike surrounding unit 2 (Figure 2). However, 
this would increase the problem of controlling the hunters and would 
make all areas of the marsh "too accessible". Thus it would be better 
to leave this area of the refuge inaccessible to the majority of hunters. 
This would provide a place for the hunter who is willing to work to get 
away from the crowd. 
An intensive long range study of the effect of the weather on the 
waterfowl kill and utilization of the refuge is needed. 
SUMMARY 
1. A two-year study during the 1960 and 1961 hunting seasons 
was conducted at the Bear River Migratory Bird Refuge in northern Utah 
to determine factors affecting utilization of the refuge by waterfowl 
hunters and the waterfowl kill. 
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2. Methods employed on the 17 study areas included: (1) hunter 
interviews for the entire day sampled, conducted randomly throughout 
the season; (2) observations made in the field of the hunters; (3) 
collection of data not included in the questionnaire; and (4) use of 
statistical methods to analyze the data. 
3. The areas consisted of a zone marked off according to distance 
and a section demarcated as to direction. 
4. Hunter frequencies were found to differ significantly in the study 
areas. A strong association existed between the zone and section. This 
dependency was probably due to the following factors: (1) hunters be-
lieve that the hunting will be better the farther they go from the checking 
station; (2) method of transportation available; (3) experience of the 
hunter; (4) age of the hunter; (5) weather on the day of the hunt; and 
(6) phys ical barriers on the refuge which limit the type of transportation. 
5. Six factors were isolated for analys is from a list of all the 
po s sible factors which may affect the hunter frequency of an area. The 
factors were found to be linearly associated. The acreage of marsh and 
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open water in an area were the most significant factors. The combina-
tion of these factors that was most important in determining the hunter 
frequency in an area was the length of the shoreline of the area. The 
total acreage and the water/land ratio of an area were found to have little 
relationship with the hunter frequency. 
6. The hunter's experience was the next most important factor. 
7. A significant association was found between the method of 
transportation and the area hunted . This association is due to the 
inaccessibility of some areas to certain methods of transportation. This 
inaccessibility was caused by: (1) long distances to be traversed; (2) 
water too shallow to permit the use of motorboats; and (3) physical 
barriers :such as channels or dikes. 
8. The combination of the length of the shoreline in an area and 
the transportation to reach that area was the most important component 
in determining the hunter frequency for an area. 
9. Methods of transportation were not significantly different from 
. year to year, but they were different from month to month within the same 
year. This latter dependency is caused by the marsh freezing up in late 
November or early December, which greatly limits travel by boat. 
10. Five species comprising 92 percent of the total kill were used 
in the analys is of the factors influencing the kill. 
11. No dependency was found between the kill of a particular 
species and a particular zone or section of the refuge. This lack: of 
significance was probably caused by the following: (1) the distribution 
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of the birds was the same in all the zones and sections; (2) the areas 
were equally accessible to the birds; (3) no species was more susceptible 
than another to hunting in any of the zones or sections; (4) the skill of the 
average hunter was similar for the zones and sections; and (5) selective 
shooting was not practiced to a significant degree. 
12. When the hunting pressure is kept constant there is no 
association between the kill of a species and a month of the hunting 
season. This was probably due to the following factors: (1) the same 
percentages of the d ifferent spec ies were available to the hunter in each 
month of the season; (2) the skill of the hunters was similar in each month 
of the season; and (3) the hunters shoot whatever birds are available. 
13. There was no indication of an association between the sex or 
the sex and age classes and a month of the season I when the hunting 
pressure is kept constant. This lack of a dependency is likely due to 
the following: (1) the number of the birds in the various sex and age 
classes available to the hunter was similar for each month of the season; 
(2) the refuge was not more attractive to any particular sex or age class; 
and (3) the hunters were either not selective in what they shot or else 
they could not differentiate between the different sex and age classes. 
14. The total kill for a day is directly related to the number of 
hunters. A large number of hunters us ing the refuge for a particular day 
usually brought about a lower average kill for that day. This is probably 
due to: (1) an increased number of inexperienced hunters in the field; 
(2) an increased hunting pressure which makes the birds more wary; or 
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(3) a combination of the two factors. 
15. The distribution on the refuge and not the size of the waterfowl 
population affects the average daily kill. The seasonal kill is directly 
related to the total waterfowl population for the season. 
16. The effect of the weather on the kill could not be determined. 
A moderate to strong Wind appeared to be a factor which increased the 
hunter success. 
17. Success was highest for the hunters who hunted the middle 
portion of the day. 
18. The crippling loss was almost constant for the two years of 
the study I and was much lower (averaging 16 percent) than that reported 
for other areas. 
19. The number of hunters from each county was directly related 
to the population of the county. Hunters from Salt Lake and Weber ~ 
Counties comprised ~7 percent of the hunters who used the refuge. 
20. The hunters from the different counties dispersed themselves 
randomly over the hun table portion of the refuge. 
21. Of the hunters I who hunted areas other than the Bear River 
Refuge I 57 percent hunted on state managed public hunting areas I 29 
percent on private non-posted land and 10 percent on private clubs. 
22. A large percentage 69 of the hunters had hunted at Bear River 
Refuge before. 
23. Over 60 percent of the hunters had a definite reason for their 
selection of a hunting area. The categories 'hunted there before I and 
'a good flight of waterfowl' provided 51 and 12 percent of the replies 
respectively . 
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24. The hunter first selected the area, and then utilized for con-
cealment the type of vegetation that was present in the area. 
25. The relative size of the waterfowl population and the hunting 
success were important factors in determining the total number of hunters, 
who used the refuge over an entire hunting season. 
26. Utilization level of the refuge was low during the study years. 
27. At the maximum utilization level the refuge was es timated to 
provide 180 hunting sites per day. Figuring one hunter per site, 13,575 
hunters could use the area in a 75 day season. 
28. The construction of two footbridges is recommended to obtain 
better hunter utilization of areas 2 -2 and 1-4. 
29. The following were the recommendations suggested for increas-
ing the utilization potential of the refuge for waterfowl hunters: (1) the 
construction of a chain of islands in the large bodies of open water; 
(2) the construction of dikes that would enclose sections of the large 
open water areas; and (3) making the large area (5-1) more accessible to 
the hunters. The first two methods would increase the length of the 
shoreline, wh~'Ch would not only benefit the hunters but also increase 
the habitat suitable for nesting waterfowl. 
30. Studies to determine; the waterfowl use of the various areas 
of the refuge, the importance of these areas for food production, and 
the effect of the weather on the waterfowl kill are needed. 
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APPENDIX 
List of the birds commonly occurring on the Bear River Migratory 
Bird Refuge. Those preceded with an * nest on the refuge. This list, 
us ing species names, is in accordance with the Fifth (195 7) A. O. U. 
Check-List. 
*American Bittern 
American Widgeon (Baldpate) 
*American Coot 
American Golden Plover 
American Avocet 
*Audubon 's Warbler 
American Goldfinch (Pale) 
*Black-crowned Night Heron 
Black Duck 
*Blue-winged Teal 
Bald Eagle 
Black-bellied Plover 
Baird's Sandpiper 
Black-necked Stilt 
Bonaparte's Gull 
*Black Tern 
*Burrowing Owl 
Broad-tailed Hummingbird 
Belted Kingfis her 
Common Loon 
Common Egret 
*Canada Goose 
*Cinnamon Teal 
Canvasback 
Common Goldeneye 
Common Merganser 
Cooper's Hawk 
*Common Snipe (Wilson's) 
*California Gull 
Common Tern 
*Caspian Tern 
Common Nighthawk 
*Cliff Swallow 
*Common Raven 
Common Crow 
Catbird 
Cassin's Finch 
Chipping Sparrow 
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Bank Swallow 
*Barn Swallow 
*Black-billed Magpie 
Bohemian Waxwing 
Bobolink 
*Double-crested Cormorant 
Dunlin (Red-backed Sandpiper) 
Dowitcher 
Bullock's Oriole 
*Brewer's Blackbird 
Brewer's Sparrow 
*Brown-headed Cowbird {Nevada} 
Bufflehead 
Barrow's Goldeneye 
Downey Woodpecker 
Dusky Flycatcher ('Wright's) 
*Eared Grebe 
Evening GrosJ:eak 
*Eastern Kingbird 
Ferruginous Hawk 
*Franklin's Gull 
*Forster's Tern 
Green Heron 
*Gadwall 
*Green-winged Teal 
Greater Scaup 
Goshawk 
Golden Eagle 
Greater Yellowlegs 
Great Horned Owl 
Green-tailed Towhee 
Gray-headed Junco 
*Great Blue Heron (Treganza' s) 
Horned Grebe 
Harlequin Duck 
Hooded Merganser 
Herring Gull 
*Horned Lark 
Hermit" Thrush 
*House Sparrow (English) 
*Killdeer 
Knot 
Least Bittern 
Lesser Scaup 
*Long-billed Curlew 
Lesser Yellowlegs 
Least Sandpiper 
Long-eared Owl 
Lewis' Woodpecker 
*Long-billed Marsh Wren 
Loggerhead Shrike (White-rumped) 
*Lazuli Bunting 
Lark Bunting 
Lark Sparrow 
*Mallard 
*Marsh Hawk 
Marbled Godwit 
*Mourning Dove 
Mockingbird 
Mountain Bluebird 
Myrtle Warbler 
Macgillivray's Warbler 
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Nashville Warbler (Calaveras) 
Northern Phalarope 
Oldsquaw 
Oregon Junco 
Poor-will (Nuttall's) 
*Pied - billed Grebe 
*Pintail 
Prairie Falcon 
Peregrine Falcon (Duck Hawk) 
Pigeon Hawk 
Pectoral Sandpiper 
Purple Martin 
Pine Siskin 
Ross' Goose 
*Redhead 
Ring-necked Duck 
*Ruddy Duck 
Red-breasted Merganser 
Red-tailed Hawk 
Rough-legged Hawk 
*Ring-necked Pheasant 
*Red-winged Blackbird 
Ruddy Turns tone 
Ring-billed Gull 
Rufous Hummingbird 
*Red - s hafted Flicker 
Red-headed Woodpecker 
Rough-Winged Swallow 
*Robin 
Ruby-crowned Kinglet 
Rufous-s ided Towhee (Spurred) 
*Snowy Egret (Brewster's) 
Snow Goose 
*Shoveler 
Surf Scoter 
Sharp-sl\inned Hawk 
Swainson ':ffHawk 
Sparrow Hawk 
Sage Grouse 
Sandhill Crane 
*Sora 
*Snowy Plover 
Semipalmated Plover 
*Spotted Sandpiper 
Solitary Sandpiper 
Sanderling 
*Short-eared Owl 
Say's Phoebe 
Sage Thrasher 
Starling 
*Savannah Sparrow 
Sage Sparrow 
Song Sparrow 
Snow Bunting 
Turkey Vulture 
Tree Swallow 
Townsend's Solitaire 
Tree Sparrow 
*Virginia Rail 
Violet-green Swallow 
Virginia's Warbler 
*Vesper Sparrow 
*Western Grebe 
Whi te Pelican 
*White-faced Ibis 
Whistling Swan 
White-fronted Goose 
White-winged Scoter 
*Willet 
Western Sandpiper 
*Wilson 'e Phalarope 
*Western Kingbird (Arkansas) 
Western Bluebird (Mexican) 
Water Pipit (American) 
Wilson's Warbler (Pileolated) 
*Western Meadowlark 
Western Tanager 
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White-crowned Sparrow (Gambel's) 
Yellow-bellied Sapsucker 
*Yellow Warbler 
Yellowthroat 
*Yellow-headed Blackbird 
These 12 additional species are rare on the refuge and generally 
out of their normal ranges. 
Black Brant 
Blue Goose 
European Widgeon 
Ful vous Tree Duck 
Glaucous Gull 
Little Blue Heron 
Mountain Plover 
Osprey 
Parasitic Jaeget 
Wood Ibis 
Wood Duck 
Whimbrel (Hudsonian Curlew) 
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HUNTER UTIUZATION DATA TAKEN AT BEAR RIVER REFUGE 
Date: _____ _ 
1. I I I I I Code number of hunter 
2. U Sex of hunter - 1. Male 2. Female 
3. V Age of hunter - 1.14-20 2.21-25 3.26-35 4.36-505. over 50 
4. U County where hunter lives - 1. Box Elder 2. Cache 3. Davis 
4. Salt Lake 5. Tooele 6. Utah 7. Weber 8. Other 
5.VMiles travelled by hunter from his home - 1.0-14 2.15-24 
3.25-49 4.50-74 5.75-99 6. over 100 
6. I I I I I Hours hunted - o. Opening 1. 7:.00 2. 8:.00 3. 9:00 
4. 10:00 5. 11:00 6. 12:00 7. 1:00 8. 2:00 9. 3:00 10. 4:00 
11. 5:00 12. Closing 
7. VTotalhourshunted-l. 0-22.3-43.5-64.7-85.9-10 
6. 11-12 
8. LLJ Area of refuge hunted -
ZONE: 1. One 2. Two 3. Three 4. Four 5. Five 
SECTION: 1. 2 2. b 3. c 4. d 
9 . ..Ll Type of cover hunted - 1. Alkali bulrush 2. Hardstem bulrush 
3. Salt grass 4. Cattails 5. Cane 6. Weeds 7. Open water, 
s ink box 8. Boat blind 
10. V Method used to enter marsh -
1. Airboat 2. Walking 3. Bicycle 4. Motorboat 5. Other 
11. U Retrievers used - 1. Yes 2. No 
12. V Decoys used - 1. Yes 2. No 
13. U Number of times hunted on marsh during 1960 - 1. One 2. Two 
3. Three 4. Four 5. Five 6. Six 7. Seven 8. Eight 9. More than 8 
Species Male Female Species composition by sex, age and number 
14. a ill ill ill 1. Pintail 12. Red breasted 
2. Green-winged Teal Merganser 
b .Lfl ill ill 3. Mallard 13 . Redhead 
4. Gadwall 
c .Lfl LLl LLI 5. Shoveller 
6. Baldpate 
d LLl LLI.Lfl 7. Cinnamon Teal 
8. Ruddy Duck 
e .Lfl ill ill 9. Scaup 
10. Bufflehead 
11. A. Merganser 
14. Canvasback 
15. Canada Goose 
16. Snow Geese 
17. Goldeneye 
1. One 
2. Two 
3. Three 
4. Four 
5. Five 
15. V Cripples - 1. One 2. Two 3. Three 4. Four 5. Five 
Figure 12. Questionnaire used for hunter interviews at Bear River 
Refuge in 1960 
Bear River Migratory Bird Refuge Hunter Questionnaire - 1961 Season 
1. Code number of hunter .I I I I II I 2. Dateil I I I I I 
3. V County: 1. Box Elder 2. Cache 3. Davis 4. Salt Lake 
5. Tooele 6. Weber 7. Other 8. Non-res ~dent 
4. LI Age: 1. 14-23 2. 24-33 3. 34-43 4. 44-53 5 . 54 and over 
5. ilJ Area hunted: Zone 1. One 2. Two 3. Three 4. Four 5. Five 
Section 1. One 2. Two 3. Three 4. Four 
6. LI Vegetation: 1. Alkali bulrush 2. Hardstem bulrush 3. Salt 
grass 4. Cattails 5. Phragmites 6. Weeds 7. Sinkbox 
8. Boat blind 
7. V Method used to enter marsh: 1. Airboat 2. Foot 3. Bicycle 
4. Motorboat 5. Other 
Kill: 
8. LLl ilJ 
ilJ ill 
LLI LLI 
ilJ ilJ 
1. Pintail 10. Bufflehead 
2. Green-winged Teal 11. A. Merganser 
3. Mallard 12. Red breasted Merganser 
4. Gadwall 13. Redhead 
5. Shoveller 14. Canvasback 
6. Baldpate 15 . Canada Goose 
7. Cinnamon Teal 16. Snow Goose 
8. Ruddy Duck 17. Goldeneye 
9. Scaup 18. Other 
9. LI Cripples: 1. One 2. Two 3. Three 4. Four 5. Five 
10. LLlWhy did you select Bear River Refuge: 1. Convenience 
2. Hunted here before 3. Better hunting 4. Brought by friend 
5. Exploratory ' 6. Accessible 7. Only place acquainted with 8. 
11. UYears hunted at Bear River Refuge: 1.1-5 2.6-10 3.11-15 
4. Over 15 
12. VWhere else did you hunt: 1. Ogden Bay 2. Farmington Bay 
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3. Corinne public shooting grounds 4. Locomotive Springs 5. Clear 
Lake 6. Private club 7. Private non-posted area 8. Other public 
areas 9. Out of state 
13. LLl Select area: 1. Convenient 2. Hunted there before 3 . Good 
flight 4. Brought by a friend 5. Trying new area on the refuge 
6. Accessible 7. Chance 8. Preferred cover type 9. 
14. ilJ Select cover: 1. Concealment 2. Blind already constructed 
3. Chance 4. Only or best cover in area 5. 
15. VWould you hunt in other areas if accessible? 1 . Yes 2. No 
16. LLl Where are they: Zone: 1. One 2. Two 3. Three 4 . Four 5. Five 
Section:, 1. One 2. Two 3. Three 4. Four 
17 . .LLI Time in: O. Before 7 1. 7:00 2 . 8:,00 3. 9:,00 4. 10:00 
5.11:,00 6.12:00 7.1:008.2:00 9.3: 00 10.4: 00 11. 5:00 
18. ilJ Time out: O. Before 7:,00 1. 7:,00 2 . 8:00 3. 9:,00 4. 10:,00 
5. 11:00 6. 12:00 7. 1:00 8. 2:00 9 . 3:,00 10. 4: 00 11. 5:00 
19. -LJrotal hours hunted: 1. 0-2 2. 3-4 3. 5-6 4. 7- 8 5. 9-10 6. 11-12 
fi<:Jure 13. Questionnaire used for hunter interviews at Bear River 
KetuCJ~ in 1961 
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Table 21. Hunter frequencies occurring in the study areas 1960 
Zone Section 1 Section 2 Section 3 Section 4 Total I 
1 3 17 22 17 297 
2 15 40 25 37 157 
3 34 46 61 16 117 
4 90 33 148 26 59 
Total 142 136 256 96 630 
Table 22 Hunter freauencies occurrina in the study areas 1961 
Zone Section 1 Section 2 Section 3 Section 4 Total 
1 3 9 45 21 231 
2 42 19 30 46 157 
3 48 56 28 25 137 
4 83 24 45 18 78 
Total 176 108 209 110 603 
Table 23. Standard partial regression coefficients 1960-1961 
Factor 1 9 6 0 196 1 
Xl .0130666 .0671445 
X2 .3762063 .0286490 
X3 .5512863 . 5812593 
X4 .8807170 .6999569 
X5 .2370367 .1178557 
Xs .0839036 .0504760 
-
.- .. -. ..-
- -
Table 24. Summary of the kill and number of hunters for areas for each month of the two seasons 1960-1961 
, 
Area - 1-1 Grand 
Species Year 
No. of 
1 960 Total 1 9 6 1 otal Total 
of hunters 3 0 0 3 2 1 0 3 6 
Month Oct. Nov. Dec. Season ~
Waterfowl Sea ar ~ dl ~ d' ~ ff ~ 6'~ crr~ t?' f If' ~ d' ~ an 
age A ~ A T A J A J A J A J A J A ~ 
Pintail 1 0 1 0 1 0 
Green-winged Teal 1 1 1 1 1 1 1 1 3 1 
Shoveller 4 1 4 1 0 5 
Total 1 1 4 1 1 1 4 1 2 1 2 1 4 6 <.D 
I-' 
Table 24. Continued 
Area 
Species Year 960 
No. of 
of hunters 9 1 7 
Month Oct. Nov. Dec. 
Waterfowl Sex ~ ~ ~ ~ df 
and A J A J A J A J A J A age 
Pintail 1 3 2 1 1 4 1 
Green-winged Teal 1 3 1 
Mallard 1 
Shoveller 1 1 1 
Total 2 3 6 2 2 0 1 1 4 0 1 
1 -
Total 
17 
Season 
~ ~ 
J A J A 
6 3 3 
1 0 3 
0 0 1 
1 0 1 
0 8 3 8 
Grand 
196 1 Total Total 
6 3 0 9 26 
, d"~cr~ d'~ rf' '1 d' ~ 
J 
1 1 3 1 3 10 7 
1 3 2 3 3 5 4 91 
0 2 0 2 0 3 
1 1 2 0 3 1 5i 
3 3 3 1 10 0 0 4 13 15 24 W N 
Table 24. Continued 
-
Area 1-3 
Species Year 1 9 6 0 
No.ot 
of hunters 13 2 7 
Month Oct. Nov. Dec. 
Waterfowl Sex d' !f d' ~ ~ ~ and 
A J A J A J A J A J A J aqe 
Pintail 2 3 3 1 
Green-winged Teal 5 13 4 
Mallard 1 1 1 1 
Gadwall 
Shoveller 1 1 3 
Cinnamon Teal 4 
Baldpate 
Bufflehead 
Goldeneye 
Total 9 0 18 14 1 0 0 1 0 0 1 0 
--
Grand 
Total 196 1 Total Total 
22 26 19 0 45 67 
season~ 
ar ~ ~.$!d'i- d'~ d' ~ d' ~ 
A J A J 
2 0 3 4 6 1 3 3 9 4 11 U 
5 0 13 4 3 8 Ll 7 8 12 25 
2 0 2 0 4 2 3 7 2 9 4 
1 0 1 0 ] 
1 C 1 3 1 8 1 2 2 10 3 l~ 
, 
0 0 0 4 3 3 1 3 4 3 8 
1 0 1 0 E 
1 0 1 0 1 (Q 
0 1 0 1 0 ~ 
, 
"-
10 0 19 15 17 24 12 7 0 0 29 31 39 65 m w 

Table 24. Continued 
Area 2-1 
Species Year 1 9 6 0 Total 
No. of 
of hunters 15 0 0 15 
Month Oct. Nov. Dec. Season 
Waterfowl ~ex d' ? d' ~ (f' ~ -or ~ ~rd A J A J A J A J A J A J A J A .ae 
Pintail 1 3 2 1 0 3 
Green -w inged Teal 10 11 2 10 0 11 
Mallard 5 0 0 5 
Gadwall 
Shoveller 2 4 2 
Baldpate 1 
Cinnamon Teal 
Bufflehead 
Canada Goose 2 1 0 2 0 
Total 11 2 21 10 11 2 21 
--
Grand I 
1 9 6 1 Total Total 
5 18 19 42 57 
-
d'~cr?- d'? d' 'if 6' ~ 
J 
2 5 6 4 2 9 8 10 13 
2 1 1 1 1 11 14 
0 6 6 9 3 15 9 15 14 
1 1 1 1 2 1 2 
4 1 5 3 4 4 9 4 lS 
1 1 1 2 1 3 2 3 3 
2 1 2 1 2 ] 
2 0 2 0 2 
1 1 1 0 3 r 
10 3 7 17 21 16 6 36 34 49 65 (It) om 
Table 24. Continued 
Area 2-2 
Species Year 1 9 6 0 '. 
No. of 
of hunters 22 10 8 
Month Oct. Nov. Dec. 
Waterfowl Sex c? ? ~ f d' ~ ~nd ge A, I A I A I A I A I A I 
Pintail 5 5 6 1 1 2 5 2 1 
Green-winged Teal 3 3 9ll 2 
Mallard 2 2 2 1 
Gadwall 2 
Shoveller 1 7 1 1 
Baldpate 2 1 
Cinnamon Teal 
tr'otal 10 321 25 3 2 5 1 5 0 2 1 
Grand 
Total" 196 1 Total Total 
40 7 9 3 19 59 
Season ~
d' ~ d''f<f'~ d'~ d' ~ tS" ~ 
A J A J , 
11 1 9 7 4 6 4 6 16 22 
5 3 9 11 1 1 6 7 1 15 21 
2 0 4 1 6 3 6 3 8 8 
2 5 3 5 3 5 5 
0 1 2 7 1 0 1 1 10 
0 o 2 1 0 3 
1 0 1 0 1 
18 5 28 27 1 2 21 13 0 0 22 15 45 70 to 01; 
Table 24. Continued 
Area 2-3 
Species Year 1 9 6 0 
No. of 
of hunters 8 14 3 
Month Oct. . Nov. Dec. 
Waterfowl Sex (J'T ? d" ~ d' ~ ~~ A ~ A J A J ~ J A IJ A ~ 
Pintail 1 3 5 5 2 1 
Green-winged Teal 3 1 7 2 1 
Mallard 
Gadwall 
Shoveller 1 
Cinnamon Teal 1 1 
Bufflehead 2 
R. B. Merganser 
Canada Goose 
Goldeneye 1 
. 
Total 4 1 8 5 5 0 5 7 0 1 0 1 
Grand 
Total 196 1 Total Total 
25 16 11 3 30 55 
Season· _ 
d' ~ d' ~ ($1 ~ d' ~ . d" ~ ti' ~ 
A TAT 
6 0 5 6 2 3 6 3 8 9 19 
3 2 7 2 1 4 5 1 6 5 11 14 
5 6 5 6 5 6 
1 1 1 1 2 1 2 
0 0 0 1 1 1 1 1 1 a 
., 
0 0 1 1 0 21 
I 
0 0 0 2 1 1 0 1 2 
1 0 1 0 1 
1 1 0 1 0 
0 0 0 1 3 0 3 0 4 
9 2 13 13 9 14 9 12 0 0 18 26 29 52 (D 
"'-l 
Table 24. Continued 
Area 2-4 
Species Year 1 9 6 0 
No. of 
of hunters 18 18 1 
Month Oct. Nov. Dec. 
Waterfowl Sea ($7 ? 
an 
d' ~ . - r!' ? 
Age A ~ J A J A J A J A J A J 
Pintail 3 3 3 1 3 1 1 
Green-winged Teal 2 13 3 8 3 1 2 
Mallard 4 2 1 1 2 1 1 
Gadwall 1 1 1 
Shoveller 3 1 1 7 1 
Baldpate 1 1 
Cinnamon Teal 1 
Ruddy Duck 
Scaup 
Bufflehead 1 1 
Canada Goose 1 1 
Goldeneye 1 1 
Total 13 7 18 15 15 6 4 6 0 0 o 0 
Grand 
Total 1961 Total Total 
37 10 22 14 46 83 
season~ 
cf' ~ d'~d'~d'~<r ~ (jl ~ 
A J A J 
6 4 3 2 2 5 4 3 6 8 16 13 
10 3 14 5 8 2 3 11 2 24 21 
6 2 2 2 1 1 11 1 6 4 18 6 26 10 
1 1 0 1 2 2 2 2 4 3 
3 2 1 7 2 4 3 1 2 5 7 10 15 
2 0 0 0 1 1 1 1 3 1 
0 0 0 1 1 1 0 2 0 3 
1 1 2 0 2 0 
1 0 1 0 1 
0 0 1 1 1 0 1 0 3 
0 1 0 1 1 1 0 2 1 
0 0 1 1 1 1 0 2 0 4 
28 13 22 21 11 6 24 ~5 11 11 46 32 87 75 <D co 
Table 24. Continued 
Area 
Species Year 1 960 
No. of 
of hunters 15 13 
Month Oct. Nov. 
Waterfowl Sea d' ? ~ ~ an 
Age A J A J A J A J 
Pintail 8 2 7 6 5 
Green-winged Teal 2 2 7 3 9 1 2 1 
Mallard 1 3 
Gadwall 1 
Shoveller 1 5 6 2 1 1 
Baldpate 2 1 1 
Cinnamon Teal 1 
Scaup 1 1 
Bufflehead 2 
Canada Geese 1 
Snow Geese 1 
Goldeneye 1 
Total 
• 
14 5 22 10 21 1 9 6 
3-1 Grand 
Total 196 1 Total Total 
6 34 5 31 12 48 82 
Dec. Season ~
d" ~ d' ~ d'!lci'~d'~ d' ~ (jP '? 
A l A J A J A l 
3 1 4 3 17 3 16 3 3 7 8 2 11 9 31 2,8 
1 12 3 9 4 5 3 13 21 2 20 24 35 37 
3 0 1 0 2 i . 6 1 4 2 12 4 15 5 
0 0 1 0 1 2 3 4 2 4 3 
3 0 6 7 1 2 5 14 4 1 10 17 13 30 
2 1 1 0 2 1 2 1 5 2 
0 0 0 1 0 I 
0 0 1 1 0 2 
0 0 0 2 0 2 
1 0 0 0 1 0 
1 0 0 0 1 0 
0 0 0 1 0 I 
4 1 4 3 39 7 35 19 9 8 32 44 18 5 59 57 105 III • to 
to 
Table 24. Continued 
~ea 3-2 
Species Year 1 9 6 0 
No. of 
of hunters 22 14 10 
Month Oct. Nov. Dec. 
Waterfowl Sex ~ -F or ~ rP ~ and 
Age A J A J A J A J A J A J 
Pintail 5 7 2 7 1 1 1 2 
Green-winged Teal 3 1 2 6 1 4 
Mallard 1 4 3 1 1 1 1 
Gadwall 2 1 1 
Shoveller 3 3 3 1 7 
Baldpate 1 1 1 
Cinnamon Teal 
Scaup 1 
Bufflehead 1 1 2 1 
R. g. Merganser 
-
Canada Goose 1 
Goldeneye 2 3 1 
Total 10 1 17 13 16 4 10 15 4 1 0 1 
Grand 
Total 196 1 Total Total 
46 31 12 13 56 102 ~ : 
Season =-
c!' ~ dI~ t5'!j. or!? d' ~ <I' ~ 
A J A J 
14 1 8 3 4 1 2 2 1 8 2 23 13 
4 1 6 6 11 16 1 11 17 16 29 
6 3 1 2 5 3 5 3 14 6 
0 1 2 1 2 1 2 1 3 4 
3 0 4 10 4 6 4 6 7 20 
1 0 1 1 1 1 1 2 1 3 3 
1 0 1 0 1 
0 0 0 1 1 0 1 0 2 
1 0 2 2 1 0 1 1 5 
1 0 1 0 1 
0 0 1 0 0 1 
0 1 2 3 1 5 
30 6 28 29 27 32 3 1 2 1 32 34 68 91 
I-' 
o 
o 
Table 24. Continued 
. . 
-- ---- - ---
Area 3-3 
Species Year 1 9 6 0 
No. of 
of hunters 32 19 10 
Month Oct. Nov. Dec. 
Waterfowl Sea c5' ~ cf' ~ d' ? an 
Age A J A J A J A J A J A J 
Pintail 14 514 3 8 10 16 2 5 8 
Green-winged Teal 9 3 6 6 4 2 1 1 
Mallard 3 2 1 3 2 2 2 1 1 
Gadwall 1 
Shot'eller 2 1 3 6 1 3 
Baldpate 1 1 1 
Cirnamon Teal 1 
Bufflehead 1 1 1 
Snow Goose 
Goldeneye 1 1 
Total 30 9 25 19 16 18 17 4 7 2 10 3 
- - --
Grand 
Total 196 1 Total Total 
61 7 17 4 28 89 
Season ~
d ~ d' ~ d' ~ d' ~ d ~ ~ ~ . 
A J A J 
27 15 3S 5 2 1 12 12 1 15 13 57 56 
13 5 7 7 2 1 ~ 2 6 3 24 17 
8 4 3 2 1 1 7 5 8 6 20 11 
0 0 0 1 1 1 2 0 2 1 
3 4 3 6 8 3 3 11 3 18 12 
1 1 0 1 , 1 0 1 2 2 
0 0 0 1 0 1 
1 0 0 2 1 2 0 3 1 5 
1 1 1 1 1 1 
0 0 1 1 1 0 1 0 3 
53 29 52 26 15 6 27 24 1 1 43 31 125 109 
...... 
o 
...... 
Table 24. Continued 
Area 3-4 
Species Year 1 9 6 0 
No. of 
of hunters 6 10 0 
Month Oct. Nov. Dec. 
Waterfowl Sex cP -? d' ? (jP ~ and 
Age A J A J A J A J A J A J 
Pintail 2 2 5 1 4 2 
Green-winged Teal 2 2 1 3 1 
Mallard 1 1 1 1 2 
Gadwall 1 
Shoveller 3 1 2 1 
Baldpate 3 1 2 1 
Ruddy Duck 
Scaup 1 
Canada Goose 
Goldeneye 1 
Total 11 311 6 5 o 8 4 0 0 0 0 
Grand 
Total 196 1 Total Total 
16 7 15 3 25 41 season .~
d" ~ ~ f} iI!j. c? 'f. cfF ~ d' !> 
A J A J 
3 2 9 2 1 3 1 1 4 2 9 13 
5 0 3 1 4 6 7 2 2 13 8 18 12 
1 1 3 1 1 1 3 0 4 1 6 5 
0 0 0 1 3 1 3 1 3 2 
4 0 1 2 4 3 6 1 10 4 14 7 
3 0 1 3 1 1 0 4 4 
1 1 2 1 3 1 3 
0 0 0 1 1 0 1 0 2 
1 1 0 1 0 
0 0 1 0 1 1 0 1 1 
16 3 19 10 If 11 24 8 3 1 38 20 57 49 ...... o 
N 
Table 24. Continued 
, 
Area 4-1 
Species Year 1 9 6 0 
No. of , 
of hunters 38 36 16 
Month Oct. Nov. Dec. 
Waterfowl Sex d' ~ d' ~ d" !? 
and A J A J A J A J A J A J Aqe 
,~ 
Pintail 17 3 13 2 15 ;,6 21 4 5 1 2 2 
Green-winged Teal 17 4 17 2 26 10 3 6 2 
Mallard 1 1 1 1 1 
Gadwall 2 2 3 
Shoveller 3 6 13 5 2 3 5 1 
Baldpate 2 2 1 1 1 
Cinnamon Teal 
Bufflehead 1 
Canada Geese 
Goldeneye 
Old Squaw 1 
Total 4~ 7 42 21 46 8 36 15 12 3 6 2 
I--
Grand 
Total 196 1 Total Total 
90 11 60 12 83 173 
Season ~
d' ~ 6't;f.d'~o"r;. cf' ~ d' ~ 
A J A J 
37 10 39 8 1 17 15 5 1 23 16 70 63 
49 6 27 5 1 1~ 55 24 4 2 60 27 115 59 
2 0 2 1 1 2 1 7 1 10 2 12 5 
2 0 2 3 1 2 3 3 3 5 8 
8 2 10 18 lC 8 34 37 4 48 45 58 73 
I 
i 
2 G 3 2 4 5 3 2 7 7 9 12, 
1 1 1 1 1 1 
0 0 1 0 0 1 
1 1 0 1 0 
1 1 1 1 1 1 
0 0 0 1 
100 18 84 38 15 10 114 86 25 6 154 102 272 224 
---
-
I-' 
a 
w 
Table 24. Continued 
Area 
Species Year 1 9 6 0 
No. of 
of hunters 16 9 
Month Oct. Nov. 
Waterfowl Sex d' ~ r!' ~ 
and A A A J A A Aqe J J J 
Pintail 6 1 4 5 3 1 6 2 8 
Green- winged Teal 3 8 5 1 1 
Mallard 1 1 1 1 
Gadwall 1 
Shoveller 1 1 3 1 1 
Baldpate 3 1 1 
Scaup 
Bufflehead 1 
Canada Geese 1 
Goldeneye 
Total 13 3 15 11 8 3 7 4 9 
-
4-2 Grand 
Total 196 1 Total Total 
8 33 2 16 6 24 57 
Dec. Season _ 
ti' ~ ($I 9 c!' ~cf~d'~c!' ~ ti'!I 
A J A J A J J 
I 5 17 3 15 7 . 1 4 7 1 6 7 26 29 
4 1 8 5 11 2 1 12 2 17 15 
1 2 2 1 0 1 3 1 3 5 4 
1 0 0 0 1 0 
3 1 2 1 3 2 3 3 I 6 
3 0 1 1 2 2 2 1 4 3 I 5 
1 0 1 ( 1 
0 0 0 1 ( 1 
0 1 0 0 ] 0 
1 1 4 0 1 1 4 0 3 0 3 8 
3 6 4 30 9 28 19 3 1 21 20 2 1 26 22 65 69 
-
I-' 
o 
~ 
Table 24. Continued 
Area 
Year 1 9 6 0 
Species No. of 
hunters 60 61 
of Month Oct. Nov. 
Sea d' ~ cf' ~ 
lWaterfowl an age A J A J A J A J 
Pintail 24 5 28 6 23 8 2 12 
Green "\\Iinged Teal 14 1 32 4 16 2 E 2 
Mallard 5 2 2 2 10 3 ~ 3 
Gadwall 1 1 2 2 1 
Shoveller 9 1 4 4 9 4 I 5 
Baldpate 7 4 4 5 1 1 
Cinnamon Teal 1 
Bufflehead 2 7 
~edhead 1 
~. Merganser 
~caup 
panada Goose 1 2 1 1 
~now Goose 1 1 
~oldeneye 2 
Total 61 15 73 26 59 20 42 31 
4-3 Grand 
Tot a 1 196 1 Total Total 
27 148 25 48 33 106 254 
Dec. _~ Season ~
ri' ~ t/f ? Ii' ~ d' 2 cJ' ~ d' ~ r:i' - ~ 
A iJ A J A J A J 
15 3 6 2 62 16 55 20 2 1 35 15 17 9 54 25 132 100 
1 30 3 39 6 E 622 11 18 46 17 79 62 
6 3 4 2 21 8 10 7 1 2 3 10 3 12 7 41 24 
1 2 2 2 4 2 1 1 5 3 8 7 
1 18 5 12 9 2C 14 8 5 6 2 34 21 57 42 
8 4 5 5 3 3 4 2 1 8 5 20 15 
0 0 0 1 1 1 0 1 1 
0 0 2 7 0 1 0 7 0 8 0 17 
0 Q 0 1 0 1 
1 2 1 0 0 2 1 2 
1 1 0 1 0 
1 0 3 2 1 3 3 0 6 3 
1 1 0 0 2 0 
1 3 0 0 1 5 1 1 0 1 6 
22 7 13 9 142 42 128 66 32 23 78 47 55 16 165 86 ~49 280 I-' o 
Ul 
Table 24. Continued 
Area 4-4 
Species Year 1 9 6 0 
No. of 
of hunters 20 4 2 
Month Or.t Ncn Dec 
• Waterfowl Sex d" !l d' 9 ff' ~ and A J A J A J A J A J A J Acre 
Pintail 15 3 17 3 -1 2 1 1 1 
Green-winged Teal 1 9 2 5 2 2 
Mallard 5 2 1 
Gadwall 1 1 1 
Shoveller 3 4 2 1 1 
Baldpate 3 1 1 1 
Cinnamon Teal ~ 1 
Canada Goose 
Snow Goose 
Total 28 3 34 10 7 2 6 2 1 1 0 0 
--
"'Grand 
Total 1 9 6 1 Total Total 
! 
26 8 10 0 18 44 I 
Season ~d ~ ~r;.d'f!l.d'~ d' ~ or r;. 
A J A J 
17 4 19 4 2 4 2 4 4 25 27 
6 2 11 2 2 2 0 10 13 
5 0 3 0 1 1 1 2 2 3 7 6 
1 0 1 1 1 1 1/ U 2 Z 
4 0 5 2 3 3 3 3 6 6 10 13 
3 0 1 2 1 1 3 2 4 3 7 6 
0 0 0 1 0 1 
1 1 1 1 1 1 
1 0 1 0 1 
36 6 40 12 5 7 11 11 20 18 62 70 
I!-" 
0> 
m 
Table 24. Continued 
Area 5-1 
Species Year 1 9 6 0 
No. of 
of hunters 0 16, 0 
Month Oct. Nov. Dec. 
Waterfowl Sex d' ~ d' ~ c!' ~ and 
Age A J A J A J A J A J A J 
. 
Pintail 23 7 27 5 
Green-winged Teal 
Mallard 2 1 1 2 
Gadwall 1 
Shoveller 
Baldpate 
Cinnamon Teal 
Total 28 8 28 7 
~-
Grand 
Total 1 9 6 1 Total Total 
16 0 12 3 15 31 
Season ~
d' !? (jI ~ d'~ ff'~ ci' ~ rJr ~ 
A J A J 
25 7 27 5 311 3 7 6 18 38 50 
5 3 5 3 5 3 
2 1 1 2 3 1 3 1 6 4 
1 0 o 0 1 0 
2 7 2 7 2 7 
1 0 1 0 1 0 
3 0 3 0 3 
28 8 28 7 10 24 7 8 17 32 53 67 
~ 
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